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EXECUTIVE SUMMARY

A god of the Clean Water Act (CWA) isto improve water quality conditions of the Nation's
waters to attain "fishable and swimmable" status nationwide. In support of this goal, the United
States Environmental Protection Agency (USEPA) is revising the National Pollutant Discharge
Elimination System (NPDES) program regulations and the effluent limitation guidelines (EL Gs) for
concentrated animal feeding operations (CAFOs). Proposed changes to the NPDES regulations
affect which animal feeding operations (AFOs) are considered CAFOs and are therefore subject to
the NPDES permit program. Changes to the EL G determine what technol ogy-based requirements
apply to these CAFOs.

The National Water Pollution Control Assessment Model (NWPCAM) was employed to
estimate national economic benefits to surface water quality resulting from implementation of
various scenarios for regulating CAFOs. These scenarios include both revision of NPDES permit
regulations and the ELGs for CAFOs. NWPCAM is a national-scale water quality model for
simulating the water quality and economic benefits that can result from various water pollution
control policies. NWPCAM is designed to characterize water quality for the Nation's network of
rivers and streams, and, to amore limited extent, itslakes. NWPCAM is able to trandate spatially
varying water quality changes resulting from different pollution control policies into terms that
reflect the value individuals place on water quality improvements. Inthisway, NWPCAM iscapable
of deriving economic benefit estimates for scenarios for regulating CAFOs.

Economic benefits associated with the various AFO/CAFO scenarios are based on changes
inwater quality use-support (i.e., boatable, fishable, swimmable) and the population benefitting from
the changes. Benefits are calculated state-by-state at the State- (or local) scale as well as at the
national-scale. For each State, benefits at the local-scal e represent the value that the State population
iswilling to pay for improvements to waters within the State or adjoining the State. For each State,
benefits at the national-scale represent the value that the State population is willing to pay for
improvements to waters in all other states in the continental United States.

Based on the NWPCAM analysis, the total national willingness-to-pay (WTP) benefits at the
local-scale for al water quality use-supports ranged from approximately $5.9 million (1999 dollars)
for the least stringent scenario to $226.5 million for the most stringent scenario. The total national
WTP benefits at the national-scale for all water quality use-supports ranged from approximately $0.4
million (1999 dollars) for the least stringent scenario to $52.9 million for the most stringent scenario.
Total WTP benefits (i.e., sum of local-scale and national-scale) for all water quality use-supports
ranged from approximately $6.3 million (1999 dollars) for the least stringent scenario to $285.6
million for the most stringent scenario.
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INTRODUCTION

1.1 BACKGROUND

Enactment of PL 92-500 in 1972, known as the Clean Water Act (CWA), established a
nationa water pollution control policy based on technology-driven effluent standards for industrial
waste waters and a minimum level of secondary treatment for municipal waste waters discharged
to surface waters. The goal of the CWA was to improve water quality conditions of the Nation’s
watersto attain "fishable and swimmable' status nationwide. The Clean Water Act (CWA) requires
that all point sources discharging pollutants into waters of the United States obtain a permit under
the National Pollutant Discharge Elimination System (NPDES) program. The purpose of the
NPDES program is to protect human health and the environment by controlling the types and
amounts of pollutants that can be discharged into waters of the United States. NPDES permits
implement amultifaceted approach to protecting water quality. At the core of these permitsisatwo-
pronged pollution control strategy that incorporates both technology-based effluent limitation
guidelines (EL Gs) and more stringent site-specific limits based on water quality considerations.

The United States Environmental Protection Agency (USEPA) is revising the NPDES
regulations for concentrated animal feeding operations (CAFOs) and the ELGs regulations for
feedlots. Although similar changes are being considered regarding both regulations, the effects of
such changes are different under each. Proposed changes to the NPDES regulations for CAFOs
affect which animal feeding operations (AFOs) are considered CAFOs and are therefore subject to
the NPDES permit program. Changes to the ELG regulations for feedlots determine what the
technology-based requirements are that apply to these CAFOs.

1.2 FOCUSOF REPORT

This report presents the findings of modeling efforts designed to estimate national economic
benefits to surface water quality resulting from implementation of various rule-making scenarios for
regulating CAFOs. These scenarios include both revision of NPDES permit regulations as well as
ELG for feedlot regulations for AFOs and CAFOs. Benefit analysis scenarios assessed include:

1 Baseline (current regulations) scenario (AFOsin 300-1000 animal size
operation category are considered CAFOs if certain criteria are met; dry
poultry and immature operations are excluded)

2. EL G —based + NPDES Scenario 1 (Baseline scenario plus dry poultry and
immature operations are considered CAFOs and nitrogen-based requirements
apply to CAFOs)



The National Water Pollution Control Assessment Model (NWPCAM) was employed to
conduct the economic benefits analyses. Several additions to the most recent version of NWPCAM
were developed and tested to address the specific issue of AFOSCAFOs. These additions generally
are consistent with the continued development and extension of NWPCAM for evaluating the
environmental benefits of a variety of surface water quality policies. Specific modifications to

ELG N-based + NPDES Scenarios 2/3 (ELG N-based + new NPDES
conditions for determining who is a CAFO; nitrogen-based requirements
apply to CAFOs)

EL G N-based + NPDES Scenario 4 (ELG N-based + All AFOsin the 300+
Size category are considered CAFOs; nitrogen-based requirements apply to
CAFOs)

ELG N-based + NPDES Scenario 4a (ELG N-based + All AFOs in the
500+ size category are considered CAFQOs, excluding small farms; nitrogen-
based requirements apply to CAFOs)

EL G P-based + NPDES Scenario 1 (Basdline scenario plus dry poultry and
immature operations are considered CAFOs; phosphorus-based requirements
apply to CAFOs)

ELG P-based + NPDES Scenarios 2/3 (ELG P-based + new NPDES
conditions for determining who is a CAFO; phosphorus-based requirements
apply to CAFOs)

EL G P-based + NPDES Scenario 4 (ELG P-based + All AFOs in the 300+
Size category are considered CAFOs; phosphorus-based requirements apply
to CAFQOs)

EL G P-based + NPDES Scenario 4a (ELG P-based + All AFOsin the 500+
Size category are considered CAFOs; phosphorus-based requirements apply
to CAFQs)

NWPCAM needed to support the AFO/CAFO analyses include:

1.

Adding a methodology to distribute AFOs/CAFOs and associated edge-of -
field AFO/CAFO farm loadings (by county, animal type, facility size) for
nutrients (nitrogen, phosphorus) and pollutants (fecal coliform, fecal
streptococci, sediment) to agricultural landuses within watersheds,

Adding a methodology to transport edge-of-fiedld AFO/CAFO loadings from
agricultural landuses in a watershed to local waterbodies;



3. Adding a methodology to evaluate water quality use-support changes
resulting from application of the various rule-making scenarios; and,

4, Linking the developed methodologies and tools for AFOSCAFOs to
NWPCAM.

1.3 REPORT OVERVIEW

Section 2 of the report presents a summary discussion of the technical approach,
methodol ogy, and modeling system design for the water quality benefits study. Section 3.0 presents

the results and findings of the study. Section 4.0 presentsalist of references/resources used in the
study.



METHODOLOGY AND MODELING SYSTEM DESIGN

The National Water Pollution Control Assessment Model (NWPCAM) is a national-level
water quality model for smulating the water quality and economic benefits that can result from
various water pollution control policies. NWPCAM primarily is designed to characterize water
quality for the Nation’s network of rivers and streams, and, to a more limited extent, its lakes.
NWPCAM incorporates a national scale water quality model into a system that is designed for
conducting policy simulations and benefits assessments. NWPCAM is able to translate national
scale and spatially varying water quality changes into terms that reflect the value that individual s
place on water quality improvements. In this way, NWPCAM is capable of deriving benefit
estimates for awide variety of water pollution control policies.

NWPCAM'’ s water quality modeling system is suitable for devel oping place-specific water
quality estimates for virtualy the entire inland regions of the country. The national-scale framework
isbased on afoundation that is alows hydraulic transport, routing and connectivity of surface waters
to be performed in the entire continental United States. The model can be used to characterize
source loadings (e.g., AFOs/CAFOs) under a number of alternative policy scenarios (e.g., loadings
with controls). Theseloadings are processed through the NWPCAM water quality modeling system
to estimate in-stream pollutant concentrations on a very large and detailed spatial scale and to
provide estimates of policy-induced changes in water quality. The model then incorporates routines
to trandlate water quality concentration estimates to measures of “beneficial use attainment” -
categories including boating, fishing, and swimming - which are commonly used to characterize
water quality for policy purposes. Thisallowsfor the calculation of categories of economic benefits
associated with the estimated water quality improvements. NWPCAM therefore can be used to
assess to assess both the water quality impacts and the social welfare implications of alternative
policy scenarios.

NWPCAM provides a strong foundation upon which to simulate water quality and beneficid
use attainment under different environmental policy scenarios. NWPCAM provides a framework
for integrating geographic information systems (GIS) and environmental databases with severa
anaytical toolsto assess water quality improvements and compute attendant economic benefits from
proposed environmental policies. The overall NWPCAM system has undergone several
improvements in recent years to support increasingly more complex analyses as well as changesin
information technology.

Section 2.1, which follows, presentsa conceptual overview of the NWPCAM framework for
the AFO/CAFO mode and resultsdiscussed in thisreport. Section 2.2 discusses the mgjor databases
used for the AFO/CAFO analysis, these are important for understanding the methodol ogy devel oped
for the AFO/CAFO analysis. Section 2.3 discusses the methodology for the AFO/CAFO analysis.



21 CONCEPTUAL FRAMEWORK FOR AFO/CAFO MODEL

NWPCAM works within a national-scale framework. The foundation of this framework is
the stream flow, transport, and flow-routing data obtained from the USGS' Hydro-Climatic Data
Network (HCDN) database and USEPA’s Reach File databases (RF1 and RF3). ( The RF1 and RF3
databases contain information about the national network of rivers and streams in the United States.
The RF3 database is more detailed than the RF1 database. RF3Liteis asubset of RF3). The RF3
database and associated hydrologic/reach routing framework at the core of NWPCAM have been
developed so that RF3 can be replaced with the National Hydrography Dataset (NHD) when NHD
isreleased. As a national-scale model, NWPCAM'’s framework is necessarily limited to readily
available national databases that can be accessed and processed using automated input/output file
management procedures. Types of waterbodies currently included in NWPCAM are: free-flowing
streams and rivers, lakes characterized by inflows and outflows from streamsand rivers, run-of-river
reservoirs, and tidal rivers. Large open water systems of estuaries (e.g., Chesapeake Bay),
embayments (e.g., Waguoit Bay), coastal waters (e.g., New Y ork Bight, Southern California Bight),
the Great Lakes, and other large lakes (e.g., Lake Champlain) are not incorporated in the current
framework of NWPCAM.

At the conceptual level, the AFO/CAFO version of NWPCAM is comprised of several data
management and analytical applications operating within the Microsoft Access environment on a
Windows NT platform. NWPCAM essentially consists of several large databases integrated with
numerous modeling and analysis modules (Figure 1). Table 1 presents alisting of the principal data
requirements for NWPCAM. Within NWPCAM, a series of mathematical analysesis performed
in accordance with the overall modeling process. Each anaysis integrates new information and
builds on the results of an earlier analysis. This process is completed semi-automatically by
executing a series of computer programming modules written in Visual Basic under Microsoft
Access. These modules perform various analytical or ssmulation routines required for the overal
modeling process. Results from one module are passed to the subsequent module in the logical
progression of the overall analysis. The purpose for these various modules or routines is presented
in Section 2.3.

22  SPATIAL AND ENVIRONMENTAL DATABASES

The AFO/CAFO version of NWPCAM relies on several extensive datasets to support the
various analytical routines devel oped to represent physical and chemical processes occurring within
a watershed and along river reaches. Primary databases include: (1) land-use and land-cover
information; (2) RF3/RF3Lite hydrologic/reach routing information; (3) AFO/CAFOs information;
(4) watershed and stream discharge information; (5) non-point source nutrient export coefficients;
and, (6) point source pollutant loading information. This section briefly describes the primary
databases and the types of information each database contains. This discussion is intended to
provide an overview of basic data requirements for the AFO/CAFO benefits analysis model process
described in Section 2.3.



Figurel

CONCEPTUAL SYSTEM-LEVEL FRAMEWORK OF NWPCAM
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Tablel

ELEMENTS OF AFO/CAFO VERSION OF NWPCAM

Databases

Reach File 3 (RF3) and Reach File 1 (RF1) routing data (1D, level, sequence number, stream order, routing
parameters)

Land-use/land-cover data (1 kn? grid cells land-cover; land-use type, county, watershed, nearest reach and
distance to nearest reach, elevation, slope, discharge per km*HUC based on USGS data)

Watershed data for reaches and HUCs (drainage areas and discharges for watersheds; slope and sinuosity
for reaches)

AFO counts by county code (counts by animal operation type and size)

Percentages of AFOs affected by rule-making scenarios (by scenario by State)

AFO/CAFO edge-of-field nutrient loadings (nitrogen, phosphorus, nitrogen speciation, phosphorus
speciation) (by animal operation type and size)

AFO/CAFO edge-of-field pathogens and sediments loadings (by animal operation type/size)

Point source nutrient loadings (source locations and loading data)

Non-point source nutrient loadings (nutrient model export coefficient database) (based on land-use types
and SPARROW results) (statistically based non-point source loading estimates)

Point source/non-point source pollutant (sediments, fecal coliform, fecal streptococci) data

State population data

RF3 open waters data

RF1 reach dopes data

Pre-Processing Routine

Route and sequence RF3/RF3Lite

Generate land-cover dataset with routed and sequenced RF3

Calculate slopes and sinuosity for RF3 reaches and land-use cells

Uniquely identify each AFO/CAFO animal operation and distribute by county code to correct hydroregion
AFO/CAFO rule applications module (establish AFO/CAFO loads for analysis based on rule-making
scenario)

Calculate non-point source nutrient loadings to RF3Lite reaches (to establish non-point source nutrient
loadings to streams)

Calculate point source nutrient loadings to RF3Lite reaches (to establish point source nutrient loadings to
streams)

Modeling & Analysis Module

Distribution of AFO/CAFOs to agricultural land-use cells module (random distribution technique)
Overland transport of nutrients/pollutants module (from agricultural land-use cells to reaches)
RF3/RF3Lite hydrologic routing and transport module for nutrients/pollutants (discharge/velocity,
nutrient/pollutant decay)

RF3/RF3Lite Bathtub model with hydrodynamics module for determining effects of nutrients in lakes
(chlorophyll ** production)

RF3Lite subset of RF3 hydrologic routing and transport module for determining effects of pollutants (fecal
coliforms, fecal streptococci, sediment, etc.) (discharge/velocity, decay)

Economic and water quality benefits/analyses module (calculate benefits based on differences in water
quality use-support among different rule-making scenarios)




2.2.1 Hydrologic Routing File

The USEPA Reach Files are a series of hydrologic databases of the surface waters of the
continental United States. The structure and content of the Reach File databases were created
expressly to establish hydrologic ordering, to perform hydrologic navigation for modeling
applications, and to provide aunique identifier for each surface water feature (i.e., the reach code).
Reach codes uniquely identify, by watershed, the individual components of the Nation's rivers and
lakes. A reach represents a segment of ariver/stream. Several segments may be linked together to
characterize (i.e., physically/hydraulically define) the total length and properties of ariver/stream.
The longer the river/stream, the more segments (reaches) are used to represent the full length of the
river/stream.

USEPA’s Reach File 3 (RF3) forms the national-scale model framework for the hydrologic
routing routine upon which NWPCAM is based. The RF3 reach file is used to move water and
pollutantsin water from a point of origin within the continental United States toward the major rivers
and ultimately toward the discharge of these waters/pollutants which usually isto the oceans. The
RF3 reach fileisdiscussed in severa earlier reports (Bondelid, et al., 1999a; Bondelid et a., 1999D).

The RF3 fileincorporates 1,821,245 RF3 reaches comprising some 2,595,657 river/stream
miles within the 18 hydroregion system defining the river/stream network in the United States. The
routing framework for Hydroregions 8 and 17 till is only available at the RF1 subset level of RF3
(known as RF3Lite) and includes 13,172 reaches comprising 99,217 miles. A key feature of RF3Lite
is that it includes a much better and finer resolution and definition of impoundments (e.g., lakes)
which are critical in the eutrophication analysis used to estimate chlorophyll **. RF3Lite includes
11,726 lakes representing 335,979 shoreline miles. For both reach datasets, hydrologic sequence
numbers necessary for routing analyses are assigned starting at the most upstream reaches of a
watershed and moving down the stream network. A small percentage of RF3 reaches are not
networked in severa of the hydroregions. In these cases where a sequence number is not assigned
to areach, thereach is considered to have no connectivity with the network and has been removed
from the database for the AFO/CAFO version of NWPCAM.

2.2.2 Land-Use/L and-Cover File

The USGS conterminous United States Land Cover Characteristics (LCC) Data Set (Version
2) (Appendix A) forms the basis for the land-use/land-cover spatia coverage used by the
AFO/CAFO version of NWPCAM. As discussed in Section 2.3, land-use/land-cover data are
necessary for locating AFO/CAFO animal operations across the United States. The LCC dataset
defines 27 land-use classifications.

Resolution of the land-use coverage dataset is a square kilometer (km?). The coverage for
the continental United States comprises approximately 7,686,100 million land-use cells a the square
kilometer cell grid scale. The land-use coverage is overlain on the RF3 hydrologic routing



framework to associate each land-use cell with a specific RF3 reach (RF3Lite in the case of
Hydroregions 8 and 17), watershed, and hydroregion. Each land-use cell is assigned to the nearest
routed RF3 reach for subsequent drainage area, stream discharge, and hydrologic routing purposes.
Information in the dataset includes the land-use/land-cover code for each cell, the watershed (HUC)
code and county code (COFIPS) in which the cell is located, the RF3 reach (RF3Lite for
Hydroregions 8 and 17) associated with the cell, and related information. On a hydroregion basis,
each land-use/land-cover cell is given a unique identification number for modeling purposes.

2.2.3 Stream Drainage Area and Dischar ge Data

Stream drainage area and discharge data and related hydrologic data at the RF3 reach level
(RF3Lite for Hydroregions 8 and 17) are required for hydrologic routing and associated nutrient
transport and decay processes simulated by NWPCAM. The USGS stream gages in the Hydro-
Climatic Data Network (HCDN) were selected for the drainage area and discharge data comparisons
because their predominant characteristic is that they represent relatively natural hydrologic
conditions and are not influenced by controlled releases from reservoirs. Land-cover cells are
assumed to drain into the nearest RF3 reach. The drainage areafor each RF3 reach was calculated
by assigning land-cover cells to the closest RF3 reach and then summing the areas of these cells.
The drainage areas for downstream reaches (e.g., non-headwater RF3 reaches and RF3Lite reaches)
were cal culated based on drainage areas for upstream reaches. The drainage areafor aRF3Lite reach
was calculated by summing the drainage areas of any upstream RF3 reach. The RF3 reach network
isrouted from upstream to downstream, and RF3 reach drainage areas were summed until a RF3Lite
reach is encountered. The summed drainage area then is added to the drainage area of the RF3Lite
reach.

The HCDN dataset was used to derive unit runoff (ft¥sec/km?) values for land-use cellsin
each cataloging unit. Using a 200 mile maximum search radius from the centroid of each cataloging
unit, the five (5) nearest HCDN gages were identified. In asmall number of cases, lessthan five (5)
gages were available within the 200 mile search radius. Runoff for the base 1 km? land-use cell
(unit) was calculated using a weighted-average technique based on the distance of the HCDN gage
from the centroid of the cataloging unit. For each cataloging unit, aland-use cell (unit) runoff was
calculated based on mean annua discharge for the HCDN gages. Aggregation of the resulting unit
cell runoffs for a reach would represent the total discharge originating from the land-use cells
associated with the reach. Total discharge for a reach would equal the sum of the land-use cells
related discharge plus the discharge originating from upstream reaches.

224 AFO/CAFQ Dataset File

AFO/CAFO datasets were provided by USEPA. These datasets provide county-by-county
listings of AFO/CAFO counts by animal operation type and size. The datasetsalso provide State-by-
State percentages of AFOs that are considered CAFOs for various rule-making scenarios. In



addition, the files provide edge-of-field nutrient (nitrogen and phosphorus) and pollutant (pathogens
and sediment) loading values by animal operation type and size for various rule-making scenarios.
Appendix B lists the animal operation types and sizes and corresponding average edge-of-field
loading values for various rule-making scenarios. Approximately 67,000 unigue AFO/CAFOs
(representing 39 different animal operationsin the five (5) defined regions of the United States, or
atotal of 195 animal operation loading categories) were distributed to 3,078 counties across the
United States.

Animal operations and their associated edge-of-field nutrient and pollutant loadings for
different NPDES rulemaking scenarios are distributed to agricultural land-use cells within the
respective county of the AFO/CAFO during the modeling process. Nutrient and pollutant loadings
were established based on the rulemaking scenarios and the percent of animal operations in each
State affected by the scenarios. The relationship between land-use cells and RF3 reaches functions
to establish which RF3 reach will receive runoff from an agricultural cell and any AFO/CAFOs
associated with the cell.

2.2.5 Point Sources (Non-CAFQ) L oadings Dataset

Point sources and associated nutrient load data and pollutant load data (fecal coliform, fecal
streptococci, sediments), as available, from the earlier version of NWPCAM were used in the
analyses. Point sources were delivered directly to the RF3Lite reaches for hydrologic routing
through the river/stream network. Approximately 23,860 industrial and 8,942 municipal point
sources were used in the analyses. Municipa wastewater, combined sewer overflow, and industrial
point source loading data were obtained from USEPA’ s Permit Compliance System (PCS), Clean
Water Needs Survey (CWNS), and the Industrial Facilities Database (IFD).

2.2.6  Non-Point Sources (Non-AFO M anure) L oadings Dataset

Nutrient loads for non-point sources were computed by land-use type by ecoregion based on
SPARROW (SPAtially Referenced Regression On Watershed attributes) which is a statistical
modeling approach for estimating major nutrient source loadings at a reach scale based on spatially
referenced watershed attribute data. An optimization algorithm was developed to estimate non-
manure loadings by comparing SPARROW non-manure non-point source estimates for cataloging
units with modeled outputs. The optimal coefficient set was determined for both nitrogen and
phosphorus for each ecoregion within a hydroregion. Thiswas accomplished by iteratively running
an optimization routine using a genetic algorithm to estimate loading coefficients for magjor land use
categories present in the ecoregion. Non-point sources were delivered directly to the RF3Lite
reaches for hydrologic routing through the river/stream network.

Non-point source data for fecal coliform, feca streptococci, and sediments were not readily
available at the national scale.
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23 AFO/CAFOsBENEFITSANALYSISMODEL PROCESS

At the nationa scale, NWPCAM simulates the chemical and physical processes which occur
within awatershed and along a hydrologic network. The simulations are performed on areach-by-
reach basis across the United States. As NWPCAM processes each RF3 or RF3Lite reach in
accordance with the hydrol ogic sequencing scheme, various data must be extracted from the correct
databases and the appropriate analytical models representing the physical and chemical processes
must be applied. Typically, these models are executed to route water (i.e., stream discharge) and
solutes (i.e., nutrients/pollutants) down a reach to the subsequent reach. NWPCAM accomplishes
this by integrating the analytical and data management processes, listed below, into a coherent river
and stream network that can characterize a meaningful "universe”" of waters within the continental
United States:

1 Distribute spatially-related AFO/CAFOs and associated farm-unit level edge-
of-field nutrient/pollutant data (for different farm-unit types and sources) to
agricultural lands within a defined watershed or county;

2. Calculate nutrient/pollutant loadings from these AFO/CAFO farm-unit levels
to the nearby waterbody (i.e., RF3 reach). This process requires that the
farm-unit level loadings be delivered from the farm unit to a waterbody;

3. Deliver nutrient/pollutant loadings from point sources (e.g., municipal
wastewater treatment plants, industries) to a waterbody;

4, Deliver nutrient/pollutant loadings from non-point sources (e.g., nhon-
AFO/CAFO agricultural run-off, municipal run-off) to awaterbody;

5. Simulate dilution, transport, and kinetics of the nutrients/pollutants |oaded to
the waterbody as the nutrients/pollutants are transported along the waterbody;

6. Relate the nutrient/pollutant concentrations along the waterbody course to
beneficia use attainment criteriaand goals;

7. Compute state and national economic benefits for changes in water quality
use-support; and

8. Characterize AFO/CAFO source loadings under different policy scenarios

(i.e., no treatment/control of farm-unit loading or limited treatment/control).

All of these elementsareintegrated into a“ modeling system shell” through which NWPCAM
is executed. Figure 2 presents a simplified functional-level flowchart of the actual NWPCAM
process employed for estimating the benefits of AFO/CAFO regulations. The left-hand column of
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Figure 2 represents the main processes with the right-hand columns representing integration of data
and analytical modeling modules. The overall processis summarized below. A detailed discussion
of the technical foundation of the physical and chemical processes represented in the model is
presented in Appendix C.

Step 1 - Sequencing of Hydrologic Networks

The NWPCAM process starts with the RF3 river network as the modeling framework. The
RF3 network for an entire hydroregion is hydrologically networked to ensure that the streams and
lakes are properly connected. Where the RF3 connectivity is not correct (e.g., a watershed
boundaries), amanual correction has been made to join the disconnected reaches. The hydrologic
sequencing is essential to ensure that nutrient/pollutant loadings are fully routed down the reaches
to represent the entire drainage areas of the reaches and larger watersheds. Hydrologic sequencing
isapowerful Reach File-based process for simulating transport through the network

Once the hydrologic sequencing is completed, land-cover data are overlain onto the RF3
network using GIS. This produces an RF3 network that has |and-cover distributions and drainage
area estimates for each reach within a watershed. Depending on the drainage area estimates,
different reach specific discharge/velocity models may be applied for routing purposes. These
discharge and velocity estimates are derived from USGS gaging station data and associated drainage
area data. Once the hydrologic sequencing and stream flow and velocity models have been
established for each river/stream reach, nutrient/pollutant loadings for various source types are
integrated into NWPCAM.

Step 2 - AFO/CAEO Distribution and Nutrient/Pollutant L oadings

Severa routines are required to integrate AFO/CAFO datainto the system. Theseinvolve:
(2) taking the counts of different types of animal operations on a county level and distributing them
and their associated nutrient/pollutant loads to the agricultural lands within the specified
county/watershed; (2) taking edge-of-field nutrient/pollutant loading data for each animal operation
and modeling the flow from the field-level to the reach/stream; and, (3) then adding these loadings
to each reach within the overall NWPCAM framework.
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Figure?2
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AFO/CAFOs and associated edge-of-field nutrient/pollutant loadings were randomly
distributed to agricultural land-use cells within the respective county of the AFO/CAFO. Animal
manure could be applied to any cell defined as agricultural (Level 1, 2, and 3 categories) within the
classification scheme (Appendix A). Agricultural land-use cells could accumulate loadings from
severd different animal operation types and sizes provided a maximum cell loading amount was not
exceeded. The maximum amount for the cells was established based on nitrogen and phosphorus
export coefficientsfor various land uses reported by USEPA (Reckhow et a., 1980). The maximum
value represents the amount of nitrogen or phosphorous that can reasonably be exported from an
agricultural cell. The random distribution technique was applied county-by-county (and AFO/CAFO
by AFO/CAFO) across the United States until all AFO/CAFO assignments had been compl eted.

In order to be hydrologically routed through the river/stream network, these loadingsthen are
delivered from the agriculture cells to RF3 reaches (RF3Lite for Hydroregions 8 and 17) using a
routine to simulate an overland transport process. Overland travel times and associated nutrient
decay are based on flow in a natural channel such as may be found on agricultural lands. A unit
runoff (ft¥/sec/kn) is derived for each HUC based on data from USGS stream gages in the Hydro-
Climatic Data Network (HCDN). The unit runoff therefore represents runoff from each agricultural
cell within the HUC and can be used to derive time-of-travel estimates necessary for the routing
process aswell asfor computing nutrient/pollutant decay during the process. Travel distances are
from the center of the agricultural cell to the nearest RF3 reach

Non-manure non-point source loadings and point source loadingsfor nutrients/pollutantsthen
are brought into the system and “loaded” onto each RF3Lite reach from the respective datasets. At
this point, a fully developed system has been established that now can perform in-stream water
quality modeling.

Step 3 - Hydrologic Routing of Nutrient/Pollutant L oadsin RF3 Reaches

Once al nutrient/pollutant loadings have been established, actual model simulations are
performed. Loadings delivered to the RF3 reaches are hydraulically routed through the watershed
(HUC) following the RF3 hydrol ogic sequencing schema. As nutrients/pollutants are routed through
the hydrologic network from upstream reach to downstream reach in according to the NWPCAM
routing schema, nutrient/pollutant decay processes are simulated.

Step 4 - Hydrologic Routing of Nutrient/Pollutant L oads for RF3L ite Reaches

As RF3Lite reaches are encountered during hydrologic routing, all nutrient/pollutant loads
to an RF3Litereach {i.e., AFO/CAFO loads derived from upstream RF3 reaches, point source (non-
CAFO) loads, and non-point source (non-manure) loads} are aggregated at the RF3Lite reach level
and hydrologic routing continues through the remainder of the HUC and hydroregion. For reaches
of Strahler Stream Order 6 or higher (i.e., the larger streams), the discharge for the RF3L.ite reach
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is based on USGS data used in earlier versions of NWPCAM rather than the unit runoffs
(ft¥/sec/km?) derived from the HCDN gages. Nutrient/pollutant decay processes are allowed as the
nutrients are routed through the RF3Lite reach network. For nutrients, a eutrophication model
(BATHTUB) developed for the US Army Corps of Engineers was used to model the response of
RF3Lite lakes and reservoirs with aresidence time of at least one month to nutrient loadings. The
principal output of interest for nutrients was chlorophyll **.

For the CAFO/AFO pollutants (fecal coliform, fecal streptococci, sediments, nitrogenous
oxygen demand), all loads were routed with the RF1 reach file to take advantage of earlier work with
NWPCAM Verson 1.1. The principal outputs of interest for these pollutants were concentrations
(or most probable number colony counts for microbiological parameters) of each of these pollutants.
In addition, NWPCAM models other fecal coliform sources, instream dissolved oxygen
concentrations, and point and NPS loads for biochemical oxygen demand.

Step 5 - Water Quality Assessment L adder

For nutrients (nitrogen and phosphorous) a regionalized water quality ladder was devel oped
to relate predicted chlorophyll ** concentrationsin lakes and reservoirs to the ability of the waterbody
to support designated uses. This "ladder” is grounded on the NWPCAM water quality ladder
approach built into the NWPCAM benefits assessment that focuses on recreational benefits for
boating, fishing, and swimming. Values for four (4) project-specific geographic regions were
subjectively determined using the available assessment endpoints developed by several States and
Region IVV. Some geographic regionalization was warranted to account for: trophic gradients across
ecoregions (associated with latitude, atitude, climate, land cover, etc.) and judgment regarding
public perceptions for major recreational uses in these different ecoregions. The 14 nutrient regions
proposed by USEPA’ s Office of Science and Technology (OST) were collapsed into four regions
for assessment purposes.

For biochemical oxygen demand, dissolved oxygen, fecal coliforms, and sediments, water
guality conditions were related to beneficial use for recreation activities using the approach
developed by Vaughn (Mitchell and Carson, 1986; Bingham et al., 1998). This approach sets a
maximum pollutant level that corresponds to boatable, fishable, and swimmable waters. A
river/stream reach that fails to meet the boating criterium is classified as a non-support resource.

Step 6 - Economic Benefits Analysis (Mitchell-Carson M odel)

Economic benefits associated with the various rule-making scenarios are derived from
changes in water quality use-support among the AFO/CAFO rulemaking scenarios and the
population benefitting from the changes. The contingent value method (CV M) for estimating the
national benefits of freshwater pollution control developed by Mitchell and Carson (1986, 1993) was
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used in the analysis. Application of the economic benefit analysis model used in NWPCAM,
including the general water quality use-support ladder, is discussed in detail in early versions of
NWPCAM (e.g., Bingham et al., 1998).

As noted previously, changes in concentration of chlorophyll ** among the range of
AFO/CAFO rule-making scenarios can be used to develop water quality benefitsinformation which
then can be related to economic benefits. This approach was developed for the AFO/CAFO version
of NWPCAM and will have greater application for future assessment work. Future work also will
evaluate incorporation of awater quality index approach to better assess use-support changes and
associated economic benefits compared to the current threshold approach used in NWPCAM.

Based on the water quality assessments for each AFO/CAFO rulemaking scenario and
baseline conditions, the RF3/RF3L.iteriver/stream miles corresponding to each reach are categorized
at the State level as swimmable (highest use), fishable, boatable (lowest use), and no-use. The
difference in the miles for each use category between baseline conditions and a given AFO/CAFO
rulemaking scenario is a measure of the improvement in water quality attributable to the scenario
in the given State. These differencesin milesthen can be converted into economic benefits (dollars)
based on the State population and their willingness to pay for improvement in water quality.
Benefits are calculated state-by-state at the State (or local) scale aswell as at the national scale. For
each State, benefits at the local scale represent the value that the State population is willing to pay
for improvements to waters within the State or adjoining the State. For each State, benefits at the
national scale represent the value that the State population is willing to pay for improvements to
watersin all other statesin the continental United States.
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RESULTS OF AFO/CAFO NWPCAM ANALYSES

This section summarizes the results of the NWPCAM analyses for the AFO/CAFO
rulemaking scenarios.

31 AFO/CAFO NUTRIENT/POLLUTANT LOADINGSTO NWPCAM

3.1.1 AFO/CAFO Animal Operation Nutrient/Pollutant L oadingsto Agricultural Cells

The AFO/CAFO nutrient/pollutant edge-of-field loadings to agricultural cells for baseline
conditions and rulemaking scenarios are summarized at the national level in Table 2. These
represent the total national edge-of-field loadings actually distributed to the agricultural cellsin each
hydroregion based on the animal operation types and counts (by county), edge-of-field animal
operation loading amounts, and CAFO percentages (by State) provided as input data to the
NWPCAM model. A summary of nutrient/pollutant loadings by hydroregion is presented in
Appendix D. Note that there are no loadings for dissolved oxygen or biochemical oxygen demand,;
these constituents do not get modeled until the NWPCAM 1.1/RF3Lite system is used.

Table2
AFO/CAFO EDGE-OF-FIELD LOADINGSTO AGRICULTURAL CELLS
Fecal Fecal
Rulemaking Nitrogen Phosphorus Coliforms Streptococci Sediments
Scenario (kg) (kg) (colonies) (colonies) (kg)

Baseline Conditions 233,525,745 409,400,420 204,053,884,629 454,905,954,288 724,557,970,319
ELG-N Based + 90,731,921 219,231,299 94,390,795,387 291,361,847,324 724,584,476,131
NPDES 1

ELG-N Based + 179,626,650 167,235,044 72,522,541,049 259,210,267,437 724,425,952,860
NPDES 2/3

ELG-N Based + 173,597,152 153,896,202 59,588,436,959 250,179,462,734 724,479,970,808
NPDES 4

ELG-N Based + 182,228,654 178,931,923 80,932,229,911 261,059,537,225 724,942,720,312
NPDES 4A

ELG-P Based + 151,520,135 177,133,826 86,203,154,932 250,661,643,915 564,709,845,139
NPDES 1

ELG-P Based + 132,438,608 115,189,247 62,601,737,709 210,628,357,908 517,225,861,342
NPDES 2/3

ELG-P Based + 122,727,996 93,171,327 47,757,072,825 190,522,310,519 497,361,824,117
NPDES 4

ELG-P Based + 135,691,107 126,538,544 72,098,401,356 218,157,805,079 519,645,650,360
NPDES 4A
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3.1.2 Nutrient/Pollutant L oadings to RF3 River §/Streams

The AFO/CAFO nutrient/pollutant loadings from the agricultural cells to the RF3
rivers/streams for baseline conditions and rulemaking scenarios are summarized at the national level
in Table 3. These represent the total national loadings delivered to the RF3 rivers/streams in each
hydroregion after overland transport from the agricultural cellsto the nearest RF3 river/stream. A
summary of nutrient/pollutant loadings delivered to RF3 rivers/streams by hydroregion is presented
in Appendix E.

Table3
AFO/CAFO NUTRIENT/POLLUTANT LOADINGSTO RF3 RIVERS/STREAMS
Fecal
Rulemaking Nitrogen Phosphorus | Fecal Califorms Streptococci Sediments
Scenario (kg) (kg) (colonies) (colonies) (kg)

Baseline Conditions 207,172,103 274,379,073 170,890,941,721 426,097,531,733 496,849,531,724
ELG-N Based + 169,670,489 149,443,526 79,311,777,692 274,619,502,099 496,786,263,333
NPDES 1

ELG-N Based + 159,481,499 110,314,972 60,519,088,349 243,939,492,896 496,639,130,708
NPDES 2/3

ELG-N Based + 154,021,138 101,508,750 49,184,461,007 235,553,581,393 496,674,058,639
NPDES 4

ELG-N Based + 161,969,422 119,335,737 68,181,585,844 246,021,145,846 496,690,563,064
NPDES 4A

ELG-P Based + 135,589,770 122,873,183 72,786,585,361 236,436,778,330 387,361,686,699
NPDES 1

ELG-P Based + 118,085,867 76,670,638 52,513,271,739 198,394,396,915 354,004,956,240
NPDES 2/3

ELG-P Based + 109,297,015 62,002,562 39,492,937,803 179,447,977,975 340,409,785,399
NPDES 4

ELG-P Based + 121,237,778 85,579,407 61,154,656,930 205,893,202,113 356,375,645,300
NPDES 4A
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National nutrient loadings from non-CAFO point sources and non-manure non-point sources
to the RF3Lite subset of RF3 rivers/streams for baseline conditionsand all rulemaking scenarios are:

. Non-manure non-point sources nitrogen - 4,002,015,576 kg

. Non-manure non-point sources phosphorus - 289,316,930 kg

. Non-CAFO point sources nitrogen - 681,626,859 kg

. Non-CAFO point sources phosphorus - 180,392,329 kg

A summary of these nutrient loadings delivered to the RF3Lite subset of RF3 rivers/streams

by hydroregion is presented in Appendix F.

The total nutrient loadings for all sources to the RF3Lite rivers/streams for baseline
conditions and rulemaking scenarios are summarized at the national level in Table 4. These
represent the total national 1oadings delivered to the RF3/RF3Lite rivers/streams in each hydroregion

for all sources (AFO/CAFO, point sources, non-point sources). A summary of total nutrient loadings
delivered to RF3/RF3Lite rivers/streams by hydroregion is presented in Appendix G.

Table4
TOTAL NUTRIENT LOADINGSFROM ALL SOURCESTO
RF3/RF3LITE RIVERS/STREAMS

Rulemaking Scenario Nitrogen (kg) Phosphorus (kg)
Baseline Conditions 4,818,474,637 622,021,141
ELG-N Based + NPDES 1 4,804,297,335 587,270,057
EL G-N Based + NPDES 2/3 4,802,610,637 577,057,623
ELG-N Based + NPDES 4 4,800,569,076 573,812,514
EL G-N Based + NPDES 4A 4,736,182,446 503,543,979
ELG-P Based + NPDES 1 4,793,938,472 579,629,078
ELG-P Based + NPDES 2/3 4,788,279,903 257,062,967
ELG-P Based + NPDES 4 4,785,146,081 242,394,891
EL G-P Based + NPDES 4A 4,722,072,825 4,939,748,823
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3.1.3 AFO/CAEOQO Nutrient/Pollutant L oadingsto RF3L ite Subset of RF3 River §/Streams

The AFO/CAFO nutrient/pollutant |oadings to the RF3Lite subset of RF3 rivers/streams for
baseline conditions and rulemaking scenarios are summarized at the national level in Table 5. These
represent the total national AFO/CAFO loadings delivered to the RF3Lite subset of RF3
riverg/streams in each hydroregion after transport down the RF3 network to the first RF3Lite reach
segment encountered. A summary of AFO/CAFO nutrient/pollutant loadings delivered to RF3Lite
rivers/streams by hydroregion is presented in Appendix H.

Table5

AFO/CAFO NUTRIENT/POLLUTANT LOADINGSTO
RF3LITE SUBSET OF RF3 RIVERSSTREAMS

Fecal Fecal
Rulemaking Nitrogen Phosphorus Coliforms Streptococci Sediments
Scenario (kg) (kg) (colonies) (colonies) (kg)

Baseline Conditions 67,416,101 76,155,941 49,474,666,517 116,950,342,436 118,052,961,198
ELG-N Based + 53,238,799 41,405,057 23,524,433,633 79,519,233,031 118,054,745,346
NPDES 1

ELG-N Based + 51,552,101 31,192,423 18,487,988,354 71,842,129,656 118,031,169,594
NPDES 2/3

ELG-N Based + 49,510,540 27,947,314 15,309,272,968 69,907,467,895 118,039,297,764
NPDES 4

ELG-N Based + 52,540,011 33,834,720 20,852,111,289 72,649,447,223 118,039,417,052
NPDES 4A

ELG-P Based + 42,879,936 33,763,878 20,915,375,036 66,816,096,450 91,666,187,919
NPDES 1

ELG-P Based + 37,221,367 21,488,232 15,428,542,351 56,802,296,294 83,404,421,054
NPDES 2/3

ELG-P Based + 34,087,545 16,574,249 11,755,865,736 51,825,139,667 80,271,820,096
NPDES 4

ELG-P Based + 38,430,390 24,265,564 18,089,500,824 59,336,357,588 84,225,725,566
NPDES 4A
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32 WILLINGNESSTO-PAY (WTP) ECONOMIC BENEFITS OF
AFO/CAFO RULEMAKING SCENARIOS

3.21 State WTP Economic Benefits of Proposed AFO/CAFO Rule Making Scenarios

Willingness-to-pay (WTP) benefits were calcul ated at the State and National level on a State-
by-State basis as part of the NWPCAM anayses. Economic benefits are based on improvement in
water quality use-support resulting from application of a particular AFO/CAFO rulemaking scenario
compared to baseline conditions and the willingness of the population to pay for improvements for
different use-support categories. Table 6 provides aNationa summary of the State WTP economic
benefits for each scenario. This summary was computed by summing the State WTP economic
benefits for each individual State. A summary of economic benefits by State is presented in
Appendix I.

Table6
NATIONAL SUMMARY OF STATE WTP ECONOMIC
BENEFITSFOR AFO/CAFO RULEMAKING SCENARIOS
(1999 $)
WTP
WTP Boatable | WTP Fishable Swimmable
Rulemaking Scenario Waters Waters Waters

ELG-N Based + NPDES 1 1,571,871 2,524,541 1,849,672
ELG-N Based + NPDES 2/3 2,716,687 2,825,879 2,440,775
ELG-N Based + NPDES 4 3,563,105 3,342,739 2,619,167
ELG-N Based + NPDES 4A 2,694,501 2,790,265 1,838,272
ELG-P Based + NPDES 1 75,069,157 58,750,666 14,924,114
ELG-P Based + NPDES 2/3 94,895,076 84,402,779 22,280,588
ELG-P Based + NPDES 4 104,256,854 95,400,962 26,790,503
EL G-P Based + NPDES 4 96,095,189 80,863,846 22,065,689

3.2.2 National WTP Economic Benefits of Proposed AFO/CAFO Rule M aking Scenarios

Table 7 provides a National summary of the National WTP economic benefits for each
scenario. This summary was computed by summing the National WTP economic benefits for each
individual State. A summary of economic benefits by State is presented in Appendix J. Thetotal
benefits (State WTP plus National WTP) for each scenario are summarized in Table 8.
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Table7

NATIONAL SUMMARY OF NATIONAL WTP ECONOMIC BENEFITSFOR
AFO/CAFO RULEMAKING SCENARIOS

(1999 $)
WTP
WTP Boatable | WTP Fishable Swimmable
Rulemaking Scenario Waters Waters Waters
ELG-N Based + NPDES 1 -166,040* 238,868 285,585
EL G-N Based + NPDES 2/3 689,071 402,586 679,442
ELG-N Based + NPDES 4 820,678 502,979 735,642
EL G-N Based + NPDES 4A 636,623 350,724 594,681
ELG-P Based + NPDES 1 21,809,705 12,212,185 1,735,699
ELG-P Based + NPDES 2/3 27,612,255 17,953,473 2,431,599
ELG-P Based + NPDES 4 30,024,109 20,091,405 2,734,999
ELG-P Based + NPDES 4A 27,906,590 16,976,164 2,353,412

*  This represents noise/artifacts in summing up river/stream miles of improvement at the
national scale upon which economic benefits are based.

Table8

SUMMARY OF TOTAL NATIONAL WTP ECONOMIC BENEFITSFOR
AFO/CAFO RULEMAKING SCENARIOS

(1999 %)
WTP
WTP Boatable | WTP Fishable Swimmable
Rulemaking Scenario Waters Waters Waters
ELG-N Based + NPDES 1 1,405,831 2,763409 2,135,257
ELG-N Based + NPDES 2/3 2,405,758 3,228,465 3,120,217
ELG-N Based + NPDES 4 4,383,783 3,845,718 3,354,809
ELG-N Based + NPDES 4A 3,331,124 3,140,989 2,432,953
ELG-P Based + NPDES 1 96,878,862 70,962,851 16,659,813
ELG-P Based + NPDES 2/3 122,507,331 102,356,252 24,712,187
ELG-P Based + NPDES 4 134,280,963 115,492,367 29,525,502
EL G-P Based + NPDES 4A 124,001,779 84,004,835 24,498,642
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Appendix A

L and-Use/L and-Cover File

The USGS conterminous United States Land Cover Characteristics (LCC) Data Set (Version
2) (Table 3) forms the basis for the land-use/land-cover spatial coverage used by the AFO/CAFO
version of NWPCAM. The USGS developed the LCC database by classifying 1990 National
Oceanic and Atmospheric Administration (NOAA) Advanced Very High Resolution Radiometer
(AVHRR) satellite time-series images, with post-classification refinement based on other data-sets,
including topography, climate, soils, and eco-regions (Eidenshink, 1992). The database is intended
to offer flexibility in tailoring data to specific requirements for regional land-cover information.
Land-use/land-cover data are defined at a square kilometer (km?) cell grid level in LCC. Each land-
use cell is assigned to the nearest routed RF3 reach for subsequent drainage area, stream discharge,
and hydrologic routing purposes.

The raster image used to assign land-cover cells to a reach has a pixel size of 8-bit (1 byte),
representing an area of 1 km? (The image contains 2,889 lines and 4,587 samples covering the
entire conterminous United States.) The projection of theimagesis Lambert Azimuthal Equal Area
(LAZEA). Based onthisinformation, it was possible to extract a specific area from the image into
an ASCII filewith an in-house C routine. This approach allowed the importing of only portions of
the image, reducing loading and processing time considerably compared to afull image import with
a commercia GIS package. The ASCII file was then used to generate a point coverage in
ARC/INFO, which was converted to geographic coordinates in order to processit with existing RF3
coverages.

Table3
MODIFIED ANDERSON LAND COVER CLASSES AND GENERAL EXPORT COEFFICIENTS
Level 1 Category Level
(derived) (derived) 2 Class TN_L TN_M TN_H TP L |TP.M | TP H
1 Agriculture 1 Dryland Cropland and 4 15 30 0.4 11 4
Pasture
1 Agriculture 2 Irrigated Cropland and 4 15 30 0.4 11 4
Pasture
1 Agriculture 3 Mixed Dryland/Irrigated 4 15 30 0.4 11 4
Cropland and Pasture
2 Agriculture/herba 4 Grassland/Cropland 3 12 25 0.4 1 35
ceous Mosaic
3 Agriculture/woodl 5 Woodland/Cropland 3 10 20 0.2 0.7 2
and Mosaic 5
4 Herbaceous 6 Grassland 3 5 10 0.3 0.6 3
4 Herbaceous 7 Desert Shrubland
4 Herbaceous 8 Mixed 3 5 10 0.3 0.6 3
Shrubland/Grassland
4 Herbaceous 9 Chaparral 3 5 10 0.3 0.6 3
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Table3
MODIFIED ANDERSON LAND COVER CLASSES AND GENERAL EXPORT COEFFICIENTS
Level 1 Category Level
(derived) (derived) 2 Class TN_L TN_M TN_H TP L | TP M | TP H
4 Herbaceous 10 Savanna 3 5 10 0.3 0.6 3
5 Forest 11 Northern Deciduous Forest 1.75 25 3.75 0.1 0.2 0.3
5 Forest 12 Southeastern Deciduous 1.75 25 3.75 0.1 0.2 0.3
Forest
5 Forest 13 Western Deciduous Forest 1.75 25 3.75 0.1 0.2 0.3
5 Forest 14 Northern Coniferous Forest 1.75 25 3.75 0.1 0.2 0.3
5 Forest 15 Southeastern Coniferous 1.75 25 3.75 0.1 0.2 0.3
Forest
5 Forest 16 Western Coniferous Forest 1.75 25 3.75 0.1 0.2 0.3
5 Forest 17 Western Woodlands 175 25 3.75 0.1 0.2 0.3
5 Forest 18 Northern Mixed Forest 1.75 25 3.75 0.1 0.2 0.3
5 Forest 19 Southeastern Mixed Forest 1.75 25 3.75 0.1 0.2 0.3
5 Forest 20 Western Mixed Forest 175 25 3.75 0.1 0.2 0.3
6 Water Bodies 21 Water Bodies 4 10 30 0.2 0.3 1
4 Herbaceous 22 Herbaceous Coastal 3 5 10 0.3 0.6 3
Wetlands
5 Forest 23 Forested Coastal Wetlands 175 25 3.75 0.1 0.2 0.3
6 Barren 24 Barren or Sparsely 4 10 30 0.2 0.3 1
Vegetated
5 Forest 25 Subalpine Forest 175 25 3.75 0.1 0.2 0.3
7 Tundra 26 Alpine Tundra
8 Urban (derived) 30 Urban 2 75 20 0.5 15 35
TN_ = total nitrogen export coefficient (low) TP_L = total phosphorus export coefficient (low)
TN_M = total nitrogen export coefficient (med) TP_M = total phosphorus export coefficient (med)
_ : S i) TP H - & fici i)

Information included in the dataset includes the land-use/land-cover code for each cell, the
HUC code and FIPS county code in which the cell islocated, the RF3 reach associated with the cell,
and related information. Each of the several million land-use/land-cover cellsin the GIS coverage
for the United Statesis given aunique identification for NWPCAM purposes. Table 4 lists the key
fields and field description for the land-use/land-cover data file. The dataset was created in
Microsoft Access.
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Appendix B

ANIMAL OPERATION TYPESAND SIZESAND CORRESPONDING

EDGE-OF-FIELD LOADING VALUESFOR VARIOUSRULE-MAKING SCENARIOS

Operation Base SN Base SP Base SN-R Base SP-R Opt 1_SN Opt 1 SP Opt 2SN Opt 2_SP
Type Region (kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg)
Beef M1 CE 1,912.72 370.56 1,680.55 307.68 1,619.55 260.92 1,134.25 187.83
Beef M2 CE 4,544.62 880.45 3,992.98 731.05 3,848.05 619.95 2,694.98 446.29
Beef L1 CE 8,309.36 1,855.65 8,309.36 1,855.65 7,574.99 1,236.49 5,199.98 868.63
Beef L2 CE 134,348.17 24,661.82 134,348.17 24,661.82 128,162.53 19,903.63 88,813.85 14,244.16
Beef M1 MA 1,498.36 881.12 1,015.75 677.97 936.47 481.27 496.59 224.65
Beef M2 MA 3,560.10 2,093.54 2,413.41 1,610.86 2,225.06 1,143.50 1,179.89 533.76
Beef L1 MA 5,494.36 4,956.40 5,494.36 4,956.40 4,379.43 2,321.03 2,227.59 1,053.24
Beef L2 MA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Beef M1 MW 1,174.83 637.66 783.84 531.79 688.72 306.60 487.45 190.79
Beef M2 MW 2,791.39 1,515.09 1,862.41 1,263.53 1,636.40 728.49 1,158.18 453.31
Beef L1 MW 3,988.44 3,421.45 3,988.44 3,421.45 3,224.13 1,463.74 2,225.78 904.46
Beef L2 MW 58,379.16 37,034.91 58,379.16 37,034.91 52,529.63 22,187.93 36,866.18 13,799.19
Beef M1 PA 3,962.75 2,983.28 3,151.23 2,763.74 2,745.74 2,069.38 1,955.98 1,078.89
Beef M2 PA 9,415.50 7,088.28 7,487.33 6,566.65 6,523.88 4,916.85 4,647.42 2,563.45
Beef L1 PA 16,222.73 18,076.56 16,222.73 18,076.56 12,994.06 9,884.23 8,669.97 4,970.01
Beef L2 PA 244,670.92 219,580.00 244,670.92 219,580.00 211,025.70 153,067.48 147,959.57 79,827.73
Beef M1 SO 1,538.94 1,490.84 672.60 1,248.99 672.60 1,043.96 546.84 763.96
Beef M2 SO 3,656.51 3,542.23 1,598.09 2,967.60 1,598.09 2,480.45 1,299.28 1,815.17
Beef L1 SO 3,155.19 9,453.32 3,155.19 9,453.32 3,155.19 5,000.40 2,456.20 3,539.38
Beef L2 SO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Broiler Mla CE 556.31 1,041.63 490.98 1,023.88 405.24 401.47 233.40 219.81
Broiler M1b CE 779.97 1,460.39 688.36 1,435.50 568.16 562.87 327.24 308.17
Broiler M2 CE 1,088.17 2,305.16 1,009.70 2,283.84 791.97 752.51 447.70 409.14
Broiler L1 CE 1,738.62 3,870.05 1,738.62 3,870.05 1,275.96 1,142.60 687.19 603.28
Broiler L2 CE 5,908.49 15,787.28 5,908.49 15,787.28 3,467.71 2,851.28 1,802.58 1,484.15
Broiler Mla MA 548.01 1,083.93 412.42 1,026.90 353.88 418.46 232.65 257.57
Broiler M1b MA 768.32 1,519.69 578.23 1,439.74 496.15 586.70 326.18 361.13
Broiler M2 MA 996.09 2,353.69 833.25 2,285.20 690.82 799.23 443.61 484.89
Broiler L1 MA 1,290.92 3,543.92 1,290.92 3,543.92 1,065.49 1,188.87 646.82 693.54
Broiler L2 MA 3,584.29 12,228.85 3,584.29 12,228.85 2,692.07 2,873.96 1,559.00 1,626.13
Broiler Mla MW 5,561.26 6,517.91 5,451.35 6,488.07 3,867.01 2,240.74 2,495.67 1,420.06
Broiler M1b MW 7,797.04 9,138.29 7,642.95 9,096.46 5,421.66 3,141.58 3,499.00 1,990.96
Broiler M2 MW 10,967.86 13,615.48 10,835.87 13,579.65 7,345.93 4,191.19 4,611.67 2,599.54
Broiler L1 MW 16,869.10 21,129.69 16,869.10 21,129.69 11,380.18 6,352.11 6,742.65 3,749.39
Broiler L2 MW 74,910.33 118089.61 74,910.33 118.089.61 38,785.33 20,908.34 21.886.29 11.878.68
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Appendix B

ANIMAL OPERATION TYPESAND SIZESAND CORRESPONDING

EDGE-OF-FIELD LOADING VALUESFOR VARIOUSRULE-MAKING SCENARIOS

Operation Base SN Base SP Base SN-R Base SP-R Opt 1_SN Opt 1 SP Opt 2SN Opt 2_SP
Type Region (k@) (kg) (k@) (kg) (kg) (k@) (kg) (kg)
Broiler Mla PA 1,730.50 1,362.27 1,502.39 1,300.71 1,390.22 860.72 690.39 482.67
Broiler M1b PA 2,426.22 1,909.94 2,106.39 1,823.63 1,949.13 1,206.75 967.94 676.71
Broiler M2 PA 3,322.56 2,956.97 3,048.59 2,883.03 2,702.96 1,601.18 1,320.86 887.23
Broiler L1 PA 5,618.65 5,649.95 5,618.65 5,649.95 4,786.76 2,661.23 2,284.74 1,446.05
Broiler L2 PA 32,663.64 49,885.18 32,663.64 49,885.18 21,126.97 10,389.99 9,796.24 5,542.45
Broiler Mla SO 1,484.64 4,730.37 1,241.04 4,662.39 1,054.09 1,140.20 798.03 765.55
Broiler M1b SO 2,081.50 6,632.12 1,739.97 6,536.80 1,477.86 1,598.59 1,118.86 1,073.32
Broiler M2 SO 2,825.88 10,902.09 2,533.31 10,820.45 2,096.50 2,149.57 1,564.89 1,441.52
Broiler L1 SO 4,112.27 17,860.20 4,112.27 17,860.20 3,305.33 3,132.96 2,386.35 2,078.81
Broiler L2 SO 10,623.59 56,048.14 10,623.59 56,048.14 7,768.22 6,727.68 5,488.47 4,445.21
Dairy M1 CE 2,056.87 2,092.99 1,738.44 2,006.75 1,521.00 1,053.68 893.73 602.21
Dairy M2 CE 3,006.13 3,058.91 2,540.75 2,932.87 2,222.95 1,539.96 1,306.19 880.13
Dairy L1 CE 6,071.79 7,640.31 6,071.79 7,640.31 5,030.79 3,422.35 2,834.05 1,889.21
Dairy M1 MA 3,612.52 3,732.66 2,950.60 3,454.04 2,149.75 1,432.55 1,388.32 853.93
Dairy M2 MA 5,279.71 5,455.31 4,312.32 5,048.10 3,141.86 2,093.68 2,029.04 1,248.02
Dairy L1 MA 10,845.39 14,588.44 10,845.39 14,588.44 6,711.35 4,459.72 4,158.08 2,566.88
Dairy M1 MW 1,021.25 959.33 485.01 814.12 39.07 121.25 202.33 114.62
Dairy M2 MW 1,492.56 1,402.07 708.84 1,189.85 57.10 177.21 295.71 167.52
Dairy L1 MW 1,742.25 3,124.80 1,742.25 3,124.80 125.19 391.00 599.20 351.08
Dairy M1 PA 4,476.76 11,836.31 3,363.74 11,535.21 1,534.64 3,713.50 857.61 1,769.40
Dairy M2 PA 6,542.81 17,298.83 4,916.13 16,858.77 2,242.88 5,427.30 1,253.41 2,585.99
Dairy L1 PA 13,651.77 49,746.39 13,651.77 49,746.39 4,646.60 11,425.54 2,530.14 5,352.39
Dairy M1 SO 1,286.24 1,867.07 98.03 1,535.37 40.54 197.91 35.75 122.73
Dairy M2 SO 1,879.84 2,728.73 143.28 2,243.96 59.25 289.25 52.25 179.37
Dairy L1 SO 524.81 11,291.73 524.81 11,291.73 118.84 577.88 99.34 356.52
Swine-FF M1la CE 801.23 1,015.69 801.23 1,015.69 798.77 994.24 616.65 749.55
Swine-FF_M1b CE 1,266.24 1,605.17 1,266.24 1,605.17 1,262.36 1,571.28 974.55 1,184.57
Swine-FF M2 CE 1,825.26 2,571.87 1,825.26 2,571.87 1,788.06 2,221.70 1,359.87 1,653.34
Swine-FF L1 CE 2,775.99 4,099.11 2,775.99 4,099.11 2,703.86 3,416.00 2,045.70 2,521.52
Swine-FF L2 CE 20,092.78 44,024.77 20,092.78 44,024.77 17,665.16 23,972.81 12,984.99 17,045.55
Swine-FF_Mla MA 286.18 355.79 286.18 355.79 283.01 277.39 205.67 164.89
Swine-FF M1b MA 452.27 562.28 452.27 562.28 447.27 438.38 325.03 260.58
Swine-FF_M2 MA 680.84 1,077.74 680.84 1,077.74 663.61 654.99 465.39 378.75
Swine-FF L1 MA 1,064.58 1,771.73 1,064.58 1,771.73 1,034.64 1,027.39 698.99 576.97
Swine-FF L2 MA 4,657.49 8.298.47 4,657.49 8,298.47 4,507.35 459126 2,842.66 2,443.05
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Appendix B

ANIMAL OPERATION TYPESAND SIZESAND CORRESPONDING

EDGE-OF-FIELD LOADING VALUESFOR VARIOUSRULE-MAKING SCENARIOS

Operation Base SN Base SP Base SN-R Base SP-R Opt 1_SN Opt 1 SP Opt 2SN Opt 2_SP
Type Region (k@) (kg) (k@) (kg) (kg) (k@) (kg) (kg)
Swine-FF_Mla MW 1,039.95 1,888.64 1,039.95 1,888.64 1,039.95 1,888.64 1,013.58 1,227.68
Swine-FF M1b MW 1,643.51 2,984.76 1,643.51 2,984.76 1,643.51 2,984.76 1,601.84 1,940.20
Swine-FF_M2 MW 2,497.48 5,005.39 2,497.48 5,005.39 2,467.54 4,526.40 2,351.42 2,888.48
Swine-FF L1 MW 3,822.42 8,051.27 3,822.42 8,051.27 3,758.47 7,029.32 3,461.36 4,358.12
Swine-FF L2 MW 13,294.79 27,768.93 13,294.79 27,768.93 13,173.68 25,857.94 11,320.31 15,123.22
Swine-FF M1la PA 1,371.48 1,682.27 1,371.48 1,682.27 1,371.48 1,682.27 902.13 1,131.35
Swine-FF_M1b PA 2,167.45 2,658.61 2,167.45 2,658.61 2,167.45 2,658.61 1,425.71 1,787.97
Swine-FF M2 PA 3,004.60 3,722.18 3,004.60 3,722.18 3,004.60 3,722.18 1,971.31 2,486.59
Swine-FF L1 PA 4,471.06 5,619.10 4,471.06 5,619.10 4,471.06 5,619.10 2,901.18 3,690.43
Swine-FF L2 PA 26,966.98 38,721.82 26,966.98 38,721.82 26,610.45 35,910.46 16,445.90 21,885.83
Swine-FF_Mla SO 879.28 671.15 879.28 671.15 879.28 671.15 855.37 452.47
Swine-FF M1b SO 1,389.59 1,060.67 1,389.59 1,060.67 1,389.59 1,060.67 1,351.81 715.08
Swine-FF_M2 SO 1,931.85 1,476.90 1,931.85 1,476.90 1,931.85 1,476.90 1,826.16 975.22
Swine-FF L1 SO 2,928.39 2,280.21 2,928.39 2,280.21 2,928.39 2,280.21 2,692.52 1,467.37
Swine-FF L2 SO 20,706.95 19,668.67 20,706.95 19,668.67 19,666.41 15,998.66 16,511.22 9,555.38
Swine-GF Mla CE 789.28 1,248.43 789.28 1,248.43 759.04 963.30 588.18 726.34
Swine-GF_M1b CE 1,247.35 1,972.99 1,247.35 1,972.99 1,199.57 1,522.38 929.54 1,147.90
Swine-GF M2 CE 1,737.26 2,472.99 1,737.26 2,472.99 1,700.52 2,132.34 1,297.73 1,588.48
SwineGF L1 CE 2,774.62 4,645.69 2,774.62 4,645.69 2,640.36 3,366.56 1,979.02 2,460.29
Swine-GF L2 CE 5,560.14 8,696.73 5,560.14 8,696.73 5,383.69 7,033.86 3,835.12 4,895.17
Swine-GF_M1la MA 290.75 522.43 290.75 522.43 280.90 280.90 206.02 167.00
Swine-GF M1b MA 459.49 825.64 459.49 825.64 443.94 443.94 325.59 263.92
Swine-GF_M2 MA 662.24 1,184.33 662.24 1,184.33 639.57 626.41 446.79 361.97
Swine-GF L1 MA 1,050.07 2,021.66 1,050.07 2,021.66 1,008.34 992.01 659.98 546.13
SwineGF L2 MA 2,398.60 3,980.73 2,398.60 3,980.73 2,326.48 2,204.46 1,345.81 1,124.00
Swine-GF Mla MW 998.46 2,122.08 998.46 2,122.08 979.48 1,815.16 979.83 1,190.42
Swine-GF_M1b MW 1,577.94 3,353.69 1,577.94 3,353.69 1,547.94 2,868.64 1,548.50 1,881.31
Swine-GF M2 MW 2,359.59 5,202.70 2,359.59 5,202.70 2,301.98 4,283.27 2,192.21 2,717.47
SwineGF L1 MW 3,655.95 8,276.25 3,655.95 8,276.25 3,551.63 6,608.39 3,153.83 4,012.48
Swine-GF L2 MW 9,454.23 22,127.14 9,454.23 22,127.14 9,148.51 17,229.71 6,918.19 9,466.02
Swine-GF_M1la PA 1,235.42 1,543.04 1,235.42 1,543.04 1,235.42 1,543.04 830.41 1,053.31
Swine-GF M1b PA 1,952.43 2,438.59 1,952.43 2,438.59 1,952.43 2,438.59 1,312.36 1,664.62
Swine-GF_M2 PA 2,781.43 3,494.02 2,781.43 3,494.02 2,781.43 3,494.02 1,878.33 2,390.43
Swine-GF L1 PA 4,239.73 5,418.61 4,239.73 5,418.61 4,239.73 5,418.61 2,756.03 3,541.65
SwineGF L2 PA 8.607.37 1132847 8.607.37 11,328.47 8.607.37 11,328.47 5611.85 7,343.66

B-4




Appendix B

ANIMAL OPERATION TYPESAND SIZESAND CORRESPONDING

EDGE-OF-FIELD LOADING VALUESFOR VARIOUSRULE-MAKING SCENARIOS

Operation Base SN Base SP Base SN-R Base SP-R Opt 1_SN Opt 1 SP Opt 2SN Opt 2_SP
Type Region (k@) (kg) (k@) (kg) (kg) (k@) (kg) (kg)
Swine-GF_M1la SO 819.86 637.40 819.86 637.40 819.86 637.40 826.19 436.65
Swine-GF M1b SO 1,295.69 1,007.33 1,295.69 1,007.33 1,295.69 1,007.33 1,305.69 690.07
Swine-GF_M2 SO 1,842.04 1,442.42 1,842.04 1,442.42 1,832.06 1,420.20 1,750.41 939.84
Swine-GF L1 SO 2,902.99 2,382.27 2,902.99 2,382.27 2,870.79 2,263.43 2,551.46 1,417.93
SwineGF L2 SO 6,010.10 4,901.52 6,010.10 4,901.52 6,010.10 4,901.52 4,678.35 2,790.95
Layer-D_M1la CE 793.12 1,022.66 656.69 965.27 622.11 601.59 344.31 319.60
Layer-D_M1b CE 1,100.17 1,418.57 910.92 1,338.97 862.95 834.49 477.60 443.34
Layer-D M2 CE 1,847.48 2,736.98 1,684.64 2,668.48 1,578.50 1,553.55 910.81 852.30
Layer-D L1 CE 6,325.35 12,704.22 6,325.35 12,704.22 5,336.06 5,291.16 3,220.96 3,014.58
Layer-D L2 CE 19,880.05 55,148.22 19,880.05 55,148.22 12,057.39 11,033.64 7,196.24 6,374.79
Layer-D_M1la MA 667.33 966.41 556.74 936.39 523.68 601.97 327.97 357.61
Layer-D M1b MA 925.68 1,340.56 772.28 1,298.91 726.42 835.01 454.94 496.05
Layer-D_M2 MA 1,652.89 2,847.65 1,520.90 2,811.82 1,406.14 1,633.39 918.98 1,005.61
Layer-D L1 MA 4,450.20 9,582.59 4,450.20 9,582.59 3,977.10 4,715.55 2,759.66 3,041.34
Layer-D L2 MA 19,926.77 82,560.62 19,926.77 82,560.62 13,521.14 15,418.97 9,423.38 10,134.61
Layer-D_M1la MW 7,091.35 6,185.36 6,861.81 6,123.41 5,764.67 3,270.91 3,483.35 1,957.91
Layer-D_M1b MW 9,836.72 8,579.98 9,518.32 8,494.05 7,996.42 4,537.23 4,831.91 2,715.90
Layer-D M2 MW 18,633.12 17,671.05 18,359.15 17,597.12 14,922.28 8,575.16 9,555.38 5,408.64
Layer-D L1 MW 54,284.58 57,569.04 54,284.58 57,569.04 41,735.04 24,252.68 28,740.07 16,347.02
Layer-D L2 MW 431,482.04 776,680.82 431,482.04 776,680.82 181,009.22 102,996.32 123,204.31 69,226.36
Layer-D_M1la PA 2,450.81 1,449.43 2,205.69 1,381.03 2,205.69 1,381.03 1,076.62 752.84
Layer-D M1b PA 3,399.62 2,010.57 3,059.61 1,915.68 3,059.61 1,915.68 1,493.43 1,044.29
Layer-D M2 PA 6,182.92 4,069.63 5,890.35 3,987.98 5,890.35 3,608.78 2,922.04 2,026.65
Layer-D L1 PA 15,482.47 11,890.92 15,482.47 11,890.92 14,932.72 9,411.14 7,604.48 5,445.38
Layer-D L2 PA 52,990.02 63,491.60 52,990.02 63,491.60 41,576.28 23,315.56 21,106.56 13,938.89
Layer-D_M1la SO 1,478.69 2,884.80 1,412.95 2,866.94 1,331.24 1,385.59 976.30 918.91
Layer-D_M1b SO 2,051.16 4,001.64 1,959.96 3,976.86 1,846.63 1,922.01 1,354.26 1,274.66
Layer-D M2 SO 4,520.05 11,468.63 4,441.58 11,447.31 3,991.61 4,245.17 3,000.97 2,846.29
Layer-D L1 SO 13,131.05 41,295.51 13,131.05 41,295.51 11,710.39 12,872.50 9,179.80 8,786.08
Layer-D L2 SO 52,870.28 347,201.40 52,870.28 347,201.40 34,866.74 36,384.91 27,661.43 25,157.60
Layer-W_M2 CE 334.75 389.64 171.91 321.14 141.07 114.31 103.87 84.37
Layer-W L1 CE 2,050.69 5,008.57 2,050.69 5,008.57 1,531.78 1,506.83 877.25 821.00
Layer-W_M2 MA 296.20 327.04 164.20 201.21 150.59 148.78 104.33 102.97
Layer-W L1 MA 1,524.52 3,942.63 1,524.52 3,942.63 1,291.38 1,507.74 839.15 922.15
Layer-W M2 MW 1.584.85 1.418.38 1.310.88 1.344.45 1.021.04 571.07 685.38 381.47
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Appendix B

ANIMAL OPERATION TYPESAND SIZESAND CORRESPONDING

EDGE-OF-FIELD LOADING VALUESFOR VARIOUSRULE-MAKING SCENARIOS

Operation Base SN Base SP Base SN-R Base SP-R Opt 1_SN Opt 1 SP Opt 2SN Opt 2_SP
Type Region (k@) (kg) (k@) (kg) (kg) (k@) (kg) (kg)
Layer-W L1 MW 17,880.16 19,726.28 17,880.16 19,726.28 13,381.88 7,716.51 8,456.32 4,799.01
Layer-W M2 PA 1,244.20 766.12 951.64 684.47 852.30 337.47 439.53 236.32
Layer-W L1 PA 7,629.42 11,514.90 7,629.42 11,514.90 5,277.09 3,300.79 2,593.19 1,817.54
Layer-W M2 SO 397.80 959.80 319.33 938.48 282.59 268.53 219.09 185.52
Layer-W L1 SO 4,152.18 14,272.28 4,152.18 14,272.28 3,582.93 3,848.73 2,701.14 2,581.39
Turkey Mla CE 878.96 875.92 820.54 860.05 809.73 742.88 555.47 503.47
Turkey M1b CE 1,482.44 1,477.32 1,383.92 1,450.55 1,365.69 1,252.93 936.85 849.15
Turkey M2 CE 2,145.95 2,448.95 2,067.47 2,427.63 1,991.72 1,694.62 1,376.65 1,167.09
Turkey L1 CE 7,908.38 12,398.04 7,908.38 12,398.04 6,959.47 5,555.60 4,883.83 3,918.58
Turkey Mla MA 1,039.01 1,306.45 917.79 1,255.46 887.40 951.89 521.70 545.68
Turkey M1b MA 1,752.39 2,203.45 1,547.94 2,117.45 1,496.68 1,605.46 879.90 920.33
Turkey M2 MA 2,403.59 3,457.28 2,240.75 3,388.79 2,123.72 2,199.47 1,254.18 1,279.58
Turkey L1 MA 4,807.63 8,065.78 4,807.63 8,065.78 4,479.22 4,704.66 2,791.86 2,870.33
Turkey Mla MW 7,541.54 7,721.86 7,443.28 7,695.18 5,774.51 3,240.29 3,345.64 1,867.66
Turkey M1b MW 12,719.52 13,023.64 12,553.79 12,978.65 9,739.26 5,465.06 5,642.74 3,149.98
Turkey M2 MW 17,887.87 17,076.85 17,755.87 17,041.01 14,294.06 7,799.97 8,361.52 4,578.56
Turkey L1 MW 58,815.06 54,210.19 58,815.06 54,210.19 48,231.84 25,957.28 29,720.73 16,136.10
Turkey Mla PA 1,763.99 786.77 1,560.04 731.73 1,560.04 731.73 771.24 444.37
Turkey M1b PA 2,975.14 1,326.97 2,631.15 1,234.14 2,631.15 1,234.14 1,300.77 749.48
Turkey M2 PA 3,607.42 1,688.72 3,333.45 1,614.79 3,333.45 1,614.79 1,640.19 962.07
Turkey L1 PA 9,643.83 5,298.41 9,643.83 5,298.41 9,643.83 5,298.41 4,710.10 2,997.79
Turkey Mla SO 1,789.32 1,982.13 1,571.52 1,921.35 1,558.69 1,535.05 891.79 746.59
Turkey M1b SO 3,017.85 3,343.05 2,650.52 3,240.53 2,628.88 2,589.01 1,504.09 1,259.20
Turkey M2 SO 3,964.85 5,136.93 3,672.28 5,055.29 3,582.93 3,217.78 2,082.44 1,607.53
Turkey L1 SO 7,511.94 11,545.29 7,511.94 11,545.29 7,258.39 6,671.44 4,423.43 3,418.73
Vead M1 CE 729.34 1,566.79 477.58 1,498.60 262.54 556.84 222.33 375.02
Ved M2 CE 1,541.34 3,311.14 1,009.29 3,167.05 554.83 1,176.79 469.85 792.53
Vead M1 MA 1,812.72 2,550.80 1,289.39 2,330.51 656.20 732.26 546.64 444.07
Ved M2 MA 3,830.88 5,390.69 2,724.91 4,925.15 1,386.78 1,547.50 1,155.24 938.48
Vead M1 MW 733.71 583.36 309.74 468.55 10.20 3.21 59.73 20.98
Ved M2 MW 1,550.58 1,232.83 654.59 990.20 21.55 6.77 126.24 44.34
Vea M1 PA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ved M2 PA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vea M1 SO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vea M2 SO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Appendix B

ANIMAL OPERATION TYPESAND SIZESAND CORRESPONDING

EDGE-OF-FIELD LOADING VALUESFOR VARIOUSRULE-MAKING SCENARIOS

Operation Base SN Base SP Base SN-R Base SP-R Opt 1_SN Opt 1 SP Opt 2SN Opt 2_SP
Type Region (k@) (kg) (k@) (kg) (kg) (k@) (kg) (kg)
Heifer M1 CE 2,056.87 2,092.99 1,738.44 2,006.75 1,521.00 1,053.68 893.73 602.21
Heifer M2 CE 3,006.13 3,058.91 2,540.75 2,932.87 2,222.95 1,539.96 1,306.19 880.13
Heifer L1 CE 6,071.79 7,640.31 6,071.79 7,640.31 5,030.79 3,422.35 2,834.05 1,889.21
Heifer M1 MA 3,612.52 3,732.66 2,950.60 3,454.04 2,149.75 1,432.55 1,388.32 853.93
Heifer M2 MA 5,279.71 5,455.31 4,312.32 5,048.10 3,141.86 2,093.68 2,029.04 1,248.02
Heifer L1 MA 10,845.39 14,588.44 10,845.39 14,588.44 6,711.35 4,459.72 4,158.08 2,566.88
Heifer M1 MW 1,021.25 959.33 485.01 814.12 39.07 121.25 202.33 114.62
Heifer M2 MW 1,492.56 1,402.07 708.84 1,189.85 57.10 177.21 295.71 167.52
Heifer L1 MW 1,742.25 3,124.80 1,742.25 3,124.80 125.19 391.00 599.20 351.08
Heifer M1 PA 4,476.76 11,836.31 3,363.74 11,535.21 1,534.64 3,713.50 857.61 1,769.40
Heifer M2 PA 6,542.81 17,298.83 4,916.13 16,858.77 2,242.88 5,427.30 1,253.41 2,585.99
Heifer L1 PA 13,651.77 49,746.39 13,651.77 49,746.39 4,646.60 11,425.54 2,530.14 5,352.39
Heifer M1 SO 1,286.24 1,867.07 98.03 1,535.37 40.54 197.91 35.75 122.73
Heifer M2 SO 1,879.84 2,728.73 143.28 2,243.96 59.25 289.25 52.25 179.37
Heifer L1 SO 524.81 11,291.73 524.81 11,291.73 118.84 577.88 99.34 356.52
Ved L1 CE 1,541.34 3,311.14 1,009.29 3,167.05 554.83 1,176.79 469.85 792.53
Ved L1 MA 3,830.88 5,390.69 2,724.91 4,925.15 1,386.78 1,547.50 1,155.24 938.48
Ved L1 MW 1,550.58 1,232.83 654.59 990.20 21.55 6.77 126.24 44.34
Ved L1 PA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
| \/edl 11 ~a) 000 000 000 000 000 000 000 000
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Appendix C

NWPCAM MODEL FORMULATIONS

Appendix C describes the technical foundation of the physical and chemical processes
represented in the AFO/CAFO version of NWPCAM.

Cl. DATABASESFRAMEWORKSAND INTEGRATION

The AFO/CAFO version of NWPCAM relies on several extensive datasets to support the
various analytical routines devel oped to represent physical and chemical processes occurring within
a watershed and along river reaches. Primary databases include: (1) land-use and land-cover
information; (2) RF3/RF3Lite hydrologic/reach routing information; (3) AFOSCAFOs information;
(4) watershed and stream discharge information; (5) non-point source pollutant loading information;
and, (6) point source pollutant loading information. This section presents details of several of the
principal datasets used in the AFO/CAFO version of NWPCAM. Point source and non-point source
pollutant loading information used in the model are described in detail in earlier versions of
NWPCAM (Bondelid et a., 1999a; Bondelid et a., 1999b).

Cl.1 REF3/RE3LiteHydrologic Routing File

USEPA’s Reach File 3 (RF3) forms the national -scale model framework for the hydrologic
routing routine upon which NWPCAM is based. The reach file network is discussed in more detail
in Section C2.0 which follows. The reach file also isdiscussed in severa earlier reports (Bondelid,
et a., 19993, Bonddlid et al., 1999b). Table C-1 liststhe key fields and field description of the RF3
routing data file. The dataset was created in Microsoft Access.

TableC-1
KEY FIELDSOF THE RF3/RF3LITE ROUTING DATA FILE

Field Description
RF3RCHID RF3 Reach ID
SEQNO Hydrol ogic sequence number
STRORDER Stream order
AU Accounting Unit
CuU Catalog Unit
N_JUNC (Networked) stream junction level
N LEV (Networked) stream level
SEGL Segment length
SINU Sinuosity (RF3 segment length/crow-fly distance)
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Cl2 Land-Use/L and-Cover File

The USGS conterminous United States Land Cover Characteristics (LCC) Data Set (Version
2) formsthe basis for the land-use/land-cover spatial coverage used by the AFO/CAFO version of
NWPCAM. Each land-use céell is assigned to the nearest routed RF3 reach for subsequent drainage
area, stream discharge, and hydrologic routing purposes. Information included in the dataset
includes the land-use/land-cover code for each cell, the HUC code and FIPS county code in which
the cell is located, the RF3 reach associated with the cell, and related information. Each of the
severa million land-use/land-cover cellsin the GIS coverage for the United Statesis given a unique
identification for NWPCAM purposes. Table C-2 lists the key fields and field description for the
land-use/land-cover datafile. The dataset was created in Microsoft Access.

TableC-2
KEY FIELDS OF THE LAND-USE/LAND-COVER DATA FILE

Field Description
Cdl ID I dentification number assigned to LULC cell for CAFO NWPCAM study
REGO7 ID I dentification number to match cellsin table with GIS coverage
LULC CODE Code describing type of land-use/land-cover for cell
AGCELL Marker to designate agricultural land-use/land-cover cell
COFIPS County FIPS code
DIST FT Distance from cell centroid to nearest RF3 reach (feet)
RF3RCHID I dentification number of nearest RF3 reach
CU Catalog unit where cell islocated
AU Accounting unit where cell islocated
SLOPE Average slope of 1t order streams in accounting unit
UNITQ Weighted average unit discharge for CU (cfskny)
RND_ID Random number generated for agricultural cellsin CU
N CELL LOAD Total AFO/CAFO N loading for agricultural cell (kglyr)
P CELL LOAD Total AFO/CAFO P loading for agricultural cell (kg/yr)
N DELIVER AFO/CAFO N loading after overland decay (kg/yr)
P _DELIVER AFO/CAFO P loading after overland decay (kg/yr)

Cl1.3 AFO/CAEO Dataset Files

AFO/CAFO datasets provided by USEPA, as discussed in the report, were converted to
Microsoft Access files for incorporation into the NWPCAM modeling framework. These files
provided a county-by-county listing and tabulation of AFOs/CAFOs by animal operation type and
size, as well as edge-of-field nutrient/pollutant loading values.
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Cl4 Stream Drainage Area, Discharge, and Velocities

Stream drainage area, discharge and velocity data and related hydrologic data at the RF3
reach level were required for hydrologic routing and associated nutrient transport and decay
processes simulated by NWPCAM. Several datasets were created in Microsoft Access. Table C-3

lists principal hydrologic data used in the AFO/CAFO version of NWPCAM.

TableC-3
KEY FIELDSOF THE HYDROLOGIC DATA FILE
Field Description
RF3RCHID RF3 Reach ID
CU Catalog unit
AU Accounting unit
DRAINAGE Drainage area (knv)
CUM DRAIN Cumul ative drainage (includes upstream of reach) (km?)
UNITQ Weighted average unit discharge for the CU (cfs/km?)
Q Discharge (cfs)
N Manning's n (min = 0.025, max = 0.040)
SLOPE If RF1 reach, then slope from RF1 database; if RF3 reach, then average slope of
firstorder RF1 reachesin AU

W Width (ft)
Y, Depth (ft)
V Veocity (ft/s)
TOT Time of travel (days)

Figure C-1 is a mosaic composite of the RF3, land-use/land-cover, and county/watershed
overlay represented at the spatial scale of an eight (8) digit HUC. It is onto this mosaic that
AFO/CAFO counts by county/watershed and associated AFO/CAFO edge-of-field nutrient/pollutant
loadings are distributed.
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FigureC-1

MOSAIC COMPOSITE OF SPATIAL DATA AT THE WATERSHED (HUC) LEVEL
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C15 Poallutant Loading Data

Both point source and non-point source pollutant |oadings are incorporated in the NWPCAM
framework. Point source and non-point source loading data used in the model are discussed in
discussed in earlier reports (Bondelid et al., 1999a; Bondelid et al., 1999b). This section describes
in more detall the AFO/CAFO loading data used in the model as well as the non-point source
nutrient loading data at the RF3/RF3Lite scale of the model. Datafor AFO/CAFO farm units and
nutrient/pollutant loading rates are obtained from USEPA’ s Office of Water.



AFO/CAFO Loadings

There are several key challengesto be addressed in application of the loading and agriculture
modeling framework originally employed in the nutrients version of NWPCAM to the current study
of national livestock (i.e., AFOS/CAFOs) waste management scenarios. Thefirst challenge is that
principal available datafor defining livestock waste have been compiled at the county level scale.
These data therefore lack the spatial resolution for directly associating livestock nutrient loadings
with land-cover grid cells which provide the geographic foundation for pollutant loadings to
NWPCAM. A second challengeisthat the existing nutrients version of NWPCAM (NWPCAM 1.1)
does not explicitly account for animal manure waste as a separate source category. Rather nutrient
loading in the nutrients version of NWPCAM is driven by land-cover patterns and empirical loading
data. Therefore, a methodology is required which integrates anima manure loadings into the
NWPCAM framework while not compromising the operational integrity of the framework. A third
challenge is the need to ensure that the methodology developed for the AFOS/CAFOs version of
NWPCAM appropriately delivers field-scale nutrient/ pollutant source inputs derived from animal
manure to river reaches. The approaches for addressing these challenges are described below.

To distribute spatially-aggregated county-level farm-unit AFO/CAFO datato cells, arandom
distribution approach is employed. This approach randomly assigns the spatially aggregated data
(total farm-units within a county and associated edge-of-field nutrient/pollutant data) to individual
land-cover cells. The assumption used is that edge-of-field loadings could be applied to any cells
defined as agricultural (Level 1, 2, and 3 categories) within the classification scheme (Appendix A
of thereport). Once the farm-unit nutrient/pollutant loadings are distributed to individual land-cover
cells and aggregated, actual nutrient/pollutant loadings to HUC reaches can be established. These
loadings to the HUC reaches then form the basis for further computations (using the hydraulic
routing and fate/transport component) to estimate water quality at the outlet from the HUC.

Initially, the AFO/CAFO dataset provided by USEPA was used to create a Microsoft Access
data table of the number of different types of animal operations of different sizes by county. Using
aVisua Basic agorithm, thistable is used to create a new table which establishes a separate and
uniquely identified record for each individual AFO/CAFO in the United States. A second Visual
Basic algorithm was developed to establish the numerical range and limits for the random
AFO/CAFO distribution process to a county (and therefore by default aHUC). (Initidly the process
described below was developed to work at the HUC level. The process later was modified to
accommodate the actual county-based national AFO/CAFO dataset.) The number of agricultura
cells for each county was calculated. Each agricultural cell within a county then was assigned
randomly a unique value ranging from one (1) to the number of agricultural cells (n) in the county.
Numbers were assigned randomly to each agricultural cell without replacement using the Visual
Basic “Randomize” function and saved in the corresponding data field in the AFO/CAFO dataset.
Thisresulted in arandom number designation (RNDsgn) for each agricultural cell in each county.
The count of agricultural cells for each county also formed the basis for establishing the range of
values for randomly distributing individual AFOS/CAFOs (and associated edge-of-field
nutrient/pollutant loadings) to the agricultural cells.
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A third Visua Basic algorithm was devel oped using the “Randomize’ function to randomly
distribute the AFOS/CAFOs within a county to the agricultural cellswithin that county. For agiven
AFO/CAFO, arandom number was generated ranging from one (1) to the number of agricultura
cells (n) in the county. The algorithm then checked to determine if the nutrient loading values
associated with that AFO/CAFO could be assigned to the current nutrient load for the agricultural
cell identified by the random number (RNDsgn) without exceeding an upper limit criterion. If the
criterion was met, then the nutrient/pollutant loading values associated with the AFO/CAFO were
assigned to the agricultural cell. If the criterion was exceeded, then a new random number was
generated for the same AFO/CAFO and the algorithm repeated. After the AFO/CAFO had been
processed and the nutrient/pollutant loading values had been assigned, a new random number was
generated for the next AFO/CAFO on thelist. Random numbers were generated with replacement
so that multiple AFOS/CAFOs and associated |oadings could be assigned to agiven agricultura cell
provided the upper limit for the loading criterion was not exceeded. The process was continued at
the county level until al AFOs/CAFOs (and associated nutrient/pollutant loadings) for that county
had been assigned to an agricultural cell. The process continued from county to county (and
AFO/CAFO to AFO/CAFO) across the United States until all assignments had been completed.

Figure C-2 depicts the spatial mosaic of NWPCAM at the HUC level after the distribution
of AFOs/CAFQOsto agricultura cells.

Non-Point Source L oadings

The goal of the non-point source loading component isto estimatelong term average nutrient
(nitrogen and phosphorus) inputs to river reaches (within the RF3/RF3Lite framework) from all
contributing non-point sources (excluding AFOs) using a nationally consistent approach. The
approach aso must work within the constraint of nationally applicable data sources. Traditionally,
animal operation loadings to river reaches have been included as part of non-point sources.
However, AFOS/CAFOs must be considered a separate source category for purposes of policy
evaluation for the AFO/CAFO version of NWPCAM. Consequently, AFO/CAFO source loadings
must be removed from the non-point source loading category used in the AFO/CAFO version of
NWPCAM. Therefore, the purpose of thiseffort is to establish non-point source loadings within the
RF3/RF3Lite framework which do not include AFO/CAFO loadings for use in the model.
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FigureC-2

MOSAIC COMPOSITE OF SPATIAL DATA AT THE WATERSHED (HUC) LEVEL\
WITH AFOSICAFOSDISTRIBUTED TO AGRICULTURAL LAND-USE CELLS
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An approach employed based on these objectives has been devel oped using the framework
for NWPCAM (Bondelid et al., 1999b)* (nutrients version of NWPCAM). This approach uses a
simple export coefficient loading model to deliver nutrients from al sources to a reach. The
approach is applied on a watershed level. Export coefficients are empirically based values that
describe the loading of a given nutrient expressed in terms of mass per unit time per unit area. The
anaytical specification for export coefficients, therefore, requires estimates of both the unit loading
and the area of land within a catchment described in terms of different types or classes of land use
and/or land cover. The analytical model can be summarized as.

L=3 (ECCA,)

Where L = loading to areach (kg/yr)
EC, = export coefficient for category n (kg/halyr)
A, = areadraining to reach in land use category n (ha)
n = land cover or use category

The principal data sources for this model are: (1) the USGS conterminous United States
Land Cover Characteristics (LCC) Data Set (Version 2) (Appendix A of the report); (2) empirically
based estimates of export coefficients derived from a nationa study (Reckhow et al., 1980, Table
3); and (3) and moddl output from anationa study of nutrient sources, transport, and instream flux
(Smith et al., 1997).

Nutrient loads for non-point sources were computed by land-use type by ecoregion based on
SPARROW (SPAtially Referenced Regression On Watershed attributes) which is a statistical
modeling approach for estimating major nutrient source loadings at a reach scale based on spatially
referenced watershed attribute data (Smith et d., 1997). An optimization algorithm was devel oped
to estimate non-manure loadings by comparing SPARROW non-manure non-point source estimates
for cataloging units with NWPCAM modeled outputs. The optimal coefficient set was determined
for both nitrogen and phosphorus as described below, and the resulting non-point source loading was
delivered directly to the RF1 subset of the RF3Lite reaches for hydrologic routing through the
river/stream network.

Thefirst step in regional export coefficient estimation was to identify constraints (low and
high ranges as shown in Appendix A of the report) on feasible coefficients for different land-cover
classes. The next step was to define the system for which estimates of coefficients are desired. The
system was defined as al catal oging units sharing the same predominant eco-region (Figure C-3) and
the first phase of testing focused on the Upper Mississippi hydroregion. After testing and adjusting
genetic algorithm parameters for population size and number of generations, the optimization routine
was run for each hydroregion in the conterminous U.S. For each eco-region within a hydroregion,

! The reader isreferred to Bondelid et al. (1999b) for a more detailed discussion of the non-
point source modeling framework. The current study focuses on modifications pursued to address
the issue of modeling policy implications of changes in nutrient inputs associated with proposed
manure application regulations.
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export coefficients were estimated using the optimization routine to find a set of optimal

coefficients. The criteria for optimization was minimizing the sum of squared error between

predicted (coefficient) and empirically-based (SPARROW) cataloging unit level data.
FigureC-3

PREDOMINANT ECOREGIONSIN CATALOGING UNITS
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The modeling framework must appropriately represent the delivery of pollutants from their
source areato the receiving waters as well as the transport of pollutants within the watershed. The
existing NWPCAM model implicitly accounts for pollutant delivery as afunction of the use of an
empirically based approach to estimating loading. Export coefficients are not constrained by
theoretical descriptions of runoff processes. As such, they conceptually or heuristically can be
applied to awide range of watershed sizes. The empirica data used to determine export coefficient
ranges employed by the optimization process were screened to represent data consistent with the 1
km? cell size, as the unit loading area. The calibration of the export coefficients to watershed
estimates using results from the SPARROW analysis implicitly accounts for all loading to the
system. In other words, the loading coefficient assigned to any given cell can be thought of as that
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loading which is delivered to the outlet of the watershed. Since the routing model incorporates in-
stream nutrient assimilation kinetics, afield to stream delivery model is not explicitly required in the
model.

C2. HYDROLOGIC ROUTING

Within the contiguous 48 United States, the scope of the physical domain of NWPCAM is
primarily limited to free-flowing streams and rivers and run-of-river reservoirs and lakes
characterized by inflows and outflows from streams and rivers. The interaction of groundwater and
surface water transport processesis not explicitly represented in the model framework.? The Great
Lakes and other large lakes (e.g., Lake Champlain), tidal rivers, estuaries, embayments, and coastal
waters are, for the most part, not included in the current version of NWPCAM, athough future
versions of the model will expand into these aress.

To support the fate and transport modeling of pollutants in these waters, NWPCAM is built
on a sophisticated nationwide surface water routing system. In addition, this system is spatially
linked to detailed data on the stream flow and other physical characteristics of these water. These
data are used to model the hydrodynamic processes that are critical to NWPCAM’ s water quality
model.

C2.1 National River/Stream Networ k—The Reach File Routing System

The foundation of the national-scale NWPCAM framework is its surface water routing
system, which is based on USEPA’s Reach File databases. The USEPA Reach Files are a series of
hydrol ogic databases of the surface waters of the continental United States, which are designed to
efficiently route flow and pollutant loads coal escing from headwater streams to tributaries to large
rivers. The structure and content of these databases were created expressly to establish hydrologic
ordering and to perform hydrologic navigation for modeling applications.

In addition, the Reach Files establish a hierarchy of watersheds that ultimately lead to a
unique identifier for each surface water feature (i.e., the reach code). Reach codes uniquely identify,
by watershed, the individual components of the nation’s rivers and lakes. A series of watershed
maps is presented to show the hierarchy of the different spatial scales included in the Reach File
databases. Figures C-4 and C-5 present maps of the contiguous United States showing the different
gpatial scales—from the 18 major river basinsto the 2,111 smaller watersheds referred to as catal og
units (CU), which are comparable in size to an average county in the United States. Each of the CUs
can then be further subdivided into connected surface water segments referred to as reaches.

2 Summer low-flow conditions that characterize stream flow in free-flowing streams and
rivers include a base flow component that essentially accounts for groundwater inflow.
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Earlier versions of NWPCAM incorporated the approximately 633,000 miles of rivers and
streamsin USEPA’sReach File Version 1.0 (RF1), which were grouped into 68,000 reach segments.
Approximately 61,000 of these segments were river and stream reaches with an average length of
about 10 miles. These were defined as transport reaches, that is, water flows down them. The
remaining approximately 7,000 reaches were nontransport reaches (e.g., lake shorelines).

FigureC-4

MAP OF 18 RIVER BASINS
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FigureC-5

MAP OF 2,100 CATALOG UNITS
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Subsequently, USEPA has devel oped the more comprehensive database based on Reach File
Version 3.0 (RF3), which includes virtually al of the three million miles of rivers and streamsin the
United States, including smaller intermittent streams.®> RF3 has a much better characterization of
open waters (e.g., lakes, reservairs, tidal rivers), but the density of reachesistoo great (at thistime)
to justify itsfull use at anational scale. This problem has been addressed by the building of an RF3
subset that isreferred to as “RF3Lite.”

RF3Lite, asubset of the RF3 system, includes all of RF1, plus a number of additional RF3
reaches not included in RF1. These extrareaches include streams with magjor point sources that are
not part of RF1 and certain lakes, especially headwater lakes. Using RF3Lite, the types of water
bodies currently included in NWPCAM are

» free-flowing streams and rivers,
» lakes characterized by inflows and outflows from streams and rivers, and

e run-of-river reservoirs and tidal rivers.

The RF3Lite subset of reaches was established based on four criteria:

» origina RF1 reach,
* segment islonger than 10 miles,
» upstream lake or pond exists, and

* major point discharger exists on or upstream of reach (in process).

Large open water systems of estuaries (e.g., Chesapeake Bay), embayments (e.g., Waquoit Bay),
coastal waters (e.g., New Y ork Bight, Southern California Bight), the Great L akes, and other large
lakes (e.g., Lake Champlain) are not incorporated in the current version of NWPCAM.

® The RF3 database and associated hydrologic/reach routing framework at the core of
NWPCAM have been devel oped so that RF3 can be replaced with the next generation reach file,
the National Hydrography Dataset (NHD), when NHD isreleased in early 2001. NHD provides
the following advantages. it isavailable at different scales (1:100,000, 1:24,000, 1:4,000); states
can provide updates to the dataset, making it very dynamic; and it contains areal features for
lakes, ponds, and large rivers, for example. In contrast, RF1 and RF3 only contain linear
features, making an estimation of water body areas inaccurate or impossible, and areal features
contain a centerline (or artificial flow paths), making routing simpler. The transition from RF3
to NHD would require only minor changesin NWPCAM'’ s modeling framework and would
increase the power of NWPCAM by taking advantage of NHD’ s features. For example, model
accuracy for water body calculations would increase through use of NHD’ s area features.
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C2.2 Mode Hydrology and Hydr odynamics

After the RF3/RF3Lite routing system is established, information regarding the hydrologic
(how much water is flowing through the system) and the hydrodynamic (how deep and wide are the
rivers/streams and how fast is the water flowing) characteristics of each reach are then incorporated
into the model framework. The fate of awater quality parameter routed along a hydrologic network
islargely driven by the time-of-travel from one reach to the next reach down the network and the
kinetic interactions characteristic of the parameter. Time-of-travel is based on the velocity of water
along the reach and the length of the reach. In turn, the velocity depends on the discharge (i.e.,
volume of flow) in the reach and the channel geometry of the reach. Consequently, the hydraulic
routing process of the water quality model largely becomes a system of accounting for discharges,
stream geometry, velocity, and travel distancesto derive the time-of-travel.

An overland transport modul e has been devel oped to move AFO/CAFO loadings from the
agricultural cell in which they have been randomly distributed to the nearest RF3 reach. The
hydraulic routing and transport processes incorporated in the overland transport module are very
similar to the corresponding processes for RF3/RF3Lite reaches discussed in this section.

Among the many challenges of the hydrologic routing is being able to characterize stream
discharges and velocities and related stream channel characteristics (Ilength, cross-sectional width,
and depth) as accurately as possible. Channel geometry of areach is determined based on several
reach-specific parameters, such as stream dope, open water (lakes/wide rivers) areas, flow data, and
reach length, and connectivity. In addition, flow information from upstream modeling units are fed
into the channel geometry asinitial flow for cross-boundary reaches. Substantial testing of thisissue
was conducted in the Upper Mississippi Basin (Hydroregion 7) during development of NWPCAM.
The stream channel flow and geometry techniques applied inthe AFO/CAFOs version of NWPCAM
are summarized below:

1 For single-line rivers/streams in the RF3 routing network, drainage areais
used to derive discharge or flow estimates for RF3 reaches. Drainage area
estimates come from the land-cover/land-use data-set. These drainage area
estimates have been compared to drainage area estimates for USGS gaging
stations for RF3 reaches. A database that includes an analysis of mean
annual flow for these USGS gauging stations has been created to develop
these drainage area estimates.

2. For single-line rivers/streamsin the RF3 routing network, an estimate of the
stream width is based on a summary of stream channel characteristics (Keup,
1985) in which alog-log relationship between stream discharge and stream
width isderived. While this approach is based on a national-level summary,
it is being used until more geographically specific data are available.
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3. For the RF1 reaches subset of RF3L.ite, discharge estimates are derived from
published data.

4, For open waters (i.e., wide rivers and lakes) in the RF3Lite subset of RF3,
stream widths are estimated by taking the open water area and dividing by
one-half the total circumference, which provides a measure of the average
width along the open water [ake or river channel. The open water areas come
from previous anayses done for the EMAP program (Bondelid et a., 1999b).

C2.2.1 RF3 River/Stream Drainage Areas and Dischar ges

Stream discharge characteristics for each RF3 reach (RF3Lite subset of RF3 in Hydroregions
8 and 17 because RF3 reaches have not been established for these hydroregions) in the AFO/CAFO
version of NWPCAM are based on the drainage area for each RF3 reach and the associated land-use
cell (1 km? unit) runoff determined on awatershed basis (HUC). Land uses are determined from the
USGS conterminous U.S. Land Cover Characteristics (LCC) Data Set (Version 2.0). The land-use
coverage is overlain on the RF3 hydrologic routing framework to associate each land-use cell (1 km?
cell) with a specific RF3 reach. The coverage for the 18 hydroregions comprises approximately
7,686,100 land-use cells at the square kilometer cell grid scale. Each land-use cell is assigned to the
nearest RF3 reach. The number of cells assigned to each RF3 provides the approximate drainage
area in sguare kilometers (km?) for the specific RF3 reach. This value represents the land that
actually contributes direct runoff to the reach versus the runoff received from the immediate
upstream reach (i.e., the hydrologically routed runoff).

Therefore, the cumulative drainage areafor an RF3 reach represents the land area associated
with thereach itsalf plusthe land area of upstream reaches. The cumulative drainage areafor agiven
RF3 reach is calculated by hydrologically routing all reaches in the RF3 file for each hydroregion
according to the routing sequence number and summing the reach-specific drainage areas asthey are
routed through the system. For example, the cumulative drainage area of the most headwater reach
of a stream smply would be calculated from the land-use cells that are directly associated with that
reach. Asthe routing algorithm moves downstream in the system, the cumulative drainage area for
a specific reach would be calculated as the area of the land-use cells that are directly associated with
that reach plus the drainage areas of each reach that is hydrologically upstream of the specific reach.

Testing of the drainage area cal culationsto verify the reasonabl eness of the methodol ogy was
completed for Hydroregion 7. Once the drainage areas for al RF3 reaches in Hydroregion 7 had
been calculated, these drainage areas were compared with estimates of drainage area for USGS
stream gauges in Hydroregion 7. The USGS stream gauges in the Hydro-Climatic Data Network
(HCDN) were selected for data comparisons because their predominant characteristic is that they
represent relatively natura hydrologic conditions and are not influenced by controlled releases from
reservoirs. Further, only gauges with a drainage area less than the drainage area of the cataloging
unit where the gauge islocated were selected so that the discharge data from the same set of HCDN
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gauges could be used for future discharge comparisons. At the nationa level, atotal of 1,391 HCDN
gauges were identified for this dataset. A subset of these HCDN gauges (103 gauges) for
Hydroregion 7 was used to test the comparisons.

Figure C-6

COMPARISON OF USGSVS. RF3REACH-CALCULATED DRAINAGE AREA
FOR HYDROREGION 7 (CORRECTED)
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Each of these HCDN gaugesin Hydroregion 7 was assigned to the nearest RF3 reach based
on geographic coordinate information, and the estimate of the drainage area for the USGS gauge was
compared with the drainage area estimate for the RF3 reach derived by overlaying the land-use/land-
cover coverage with the RF3 routing coverage. The results of the analysisindicated close agreement
between the two drainage area estimates. Figure C-6 presents aregression analysis graphic of the
comparison. Initially several outliers were observed. However, further review of the datasets
showed either that the nearest RF3 reach to which the HCDN gauge had been assigned was incorrect
(i.e., the gauge was assigned to the wrong reach) or, in one case, that the RF3 reach had been
removed from the RF3 dataset because of incomplete data. Once these errors were corrected, the
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regression analysis gave an “r-squared” of 0.995. Based on this analysis, we concluded that the
drainage area estimate calculated for each RF3 reach through the overlay of the land-use/land-cover
coverage and the RF3 coverage was suitable for use in the model.

The dataset of 1,391 HCDN gauges then were selected to derive a mean annual unit runoff
(ft¥/sec/km?) for each cataloging unit. Using a 200-mile maximum search radius from the centroid
of the cataloging unit, the five nearest HCDN gauges were identified. 1n some cases, less than five
gauges were avail able within the 200-mile search radius. Mean annual unit runoffs were cal culated
using a weighted-average technique based on the distance of the HCDN gauge from the centroid of
the cataloging unit. For each cataloging unit, a mean annual unit runoff was calculated based on
mean annual discharge for the HCDN gauges. Aggregation of the unit runoffs for each land-use cell
in each RF3 reach would represent the total discharge originating from the land-use cells associated
with the reach. Total discharge for a reach would equal the sum of the discharge for the reach-
associated land-use cells plus the discharge originating from upstream reaches. The resulting unit
runoffs for each cataloging unit then were converted to inches of runoff and compared to the USGS
runoff contour map for the conterminous United States. Figures C-7 and C-8 present these
comparisons and generally indicate close agreement between the two sets of data.
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FigureC-7

RF3 REACH—CALCULATED RUNOFF (INCHES) FOR THE UNITED STATES
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FigureC-8

USGS AVERAGE ANNUAL RUNOFF (INCHES) FOR THE UNITED STATES
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C2.2.2 RF3 River/Stream Channel Properties

Once stream discharge characteristics have been defined for a HUC, then Keup’s (1985)
methodology is used to derive stream channel characteristics and time-of-travel estimates for RF3
reaches. Thelog-log relationship between stream flow and channel depth developed from these data
is:

W =5.27* Q%49
where;

channel width (ft) and
discharge (stream flow in cubic feet per second [cfg]).

O =
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Channdl width is set at amaximum of 200 feet, because the digitizing standards for the RF3
source data (USGS 1:100,000 Digital Line Graph Files) require that channel widths greater than 200
feet (e.g., widerivers) be digitized as double-wide channels, which translates in RF3 as wide rivers
or lakes. Channel depths are calculated based on the classic Manning’' s “n” formulation for channel
resistance analysis. Assuming a rectangular channel cross-section, the following formula can be
used to calculate stream depth:

Yo = 0.79 (Q*MV(W* (§)°°)°
where:

channel depth (ft),

discharge (stream flow in cfs),

Manning's “n” roughness coefficient,

channel width (ft) calculated above, and

channel slope (ft/ft) (for RF3Lite reaches). Otherwise, S, = average slope of first-
order streams in the accounting unit (equivalent to asix-digit HUC).

P30

Manning's“n” values are assigned depending on whether the stream segment is alake, wide
river, or single-line stream, and they are based on best professional judgment using typical values
(Henderson, 1966). For lakes, an“n” of 0.025isused. For widerivers, an“n” of 0.030 isused. For
single-line streams, Manning’'s “n” can vary by how “winding” astream is. RF3 contains enough
coordinate detail that the “windiness,” or “sinuosity,” of a stream segment can be seen on the maps.
The basic requirement isto measure the “ sinuosity” and then for single-line streams vary Manning’'s
“n" based on the “sinuosity.” For this study, sinuosity (S) is calculated as

S=SEGL/DIST
where:
S = *“gnuosity” measure,
SEGL = segment length of the reach (mi), and
DIST = draight-line distance between upstream and downstream nodes of the reach (mi).

Sinuosity (S) was calculated for each reach in the RF3 Reach File using spatia data associated with
the reach and GIS techniques.

Without specific available information regarding how Manning's“n” varies as a function of
S, alinear relationship was used in the study. The standard tables for Manning’s “n” (Henderson,
1966) were used for the study. For an earlier version of NWPCAM, a statistical analysis of the
sinuosity of 1,884,096 single-line reaches in RF3 was completed. The analysis indicated a mean
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value of Sof 1.21, amedian of 1.13, a 10th percentile value of 1.03, and a 95th percentile value of
1.64. Therefore, the minimum Manning’'s “n” corresponding to S =1 is set at the lower limit of
“clean and straight” channels, which isManning’s “n” = 0.025. The upper limit for the Manning’s
“n” corresponding to S at the 95th percentile (S = 1.64) is set at the upper limit of “winding with
pools and shoals’ (“n” = 0.040). Assuming a linear relationship, Manning's “n” for single-line
streamsis

Manning's“n” = 0.0016 + 0.0234 * S,

with alower limit of Manning's“n” = 0.025 and an upper limit of Manning’s “n” = 0.040.

C2.2.3 RF3 Water Veocities

Stream velocity for RF3 reaches therefore is calculated as

V = QI(W*yy)
where:
V = vedocity (ft/sec),
Q = discharge (streamflow in cubic feet per second, cfs),
Yo = channel depth (ft) calculated above, and
W = channel width (ft) calculated above.
Time-of-travel along a stream reach corrected to units of daysis calculated as
Tt = SL/(V*86,400)
where:
Tt = time-of-travel dong stream reach (days),
V = velocity (ft/sec) calculated above, and
SL = stream length or segment length of reach (ft).

C2.2.4 Agricultural Land-Use Cell to RF3 Reach Routing

AFO/CAFO nutrient loadings to agricultural land-use cells must be delivered to RF3 reaches
in order to be hydrologically routed through the RF3 network. The modeling processis based on a
time-of-travel analysis with nutrient/pollutant decay from the center of the cell to the nearest reach.
Time-of-travel calculations are described above with minor modifications, as listed below.
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Modifications to the time-of-travel calculations include;

Q = thedischarge (per km?) for the HUC calculated from analyses of USGS data
as presented above

SL = D*S(where D = distance from cell center to nearest reach and S = sinuosity)

S = average sinuosity for the hydroregion

S, = channel dlope (ft/ft) = % average dope of first-order streams in the
accounting unit (equivalent to a 6-digit HUC).

n = 010

The sinuosity varied on a hydroregion basis and was calculated as the 75™ percentile value
of the sinuosities for the first-order stream RF3 reaches in the given hydroregion. A Manning’'s“n”
of 0.10 was selected to represent weedy, windy, overgrown channels such as might be found on
agricultural lands.

C2.2.5 RF1 River/Stream Dischar ges, Channel Properties, and Velocities

Drainage areas are not critical to the performance of NWPCAM at the RF1 reach subset of
RF3Lite; rather discharge estimates are based on available data. For RF1 reaches, NWPCAM can
be run using mean annual, 7-day 10-year low flow, or mean summer flow conditions. The mean
annua and low flow conditions are directly extracted from Grayman’s (1982) estimatesfor each RF1
reach. Consistent with the occurrence of worst case water quality conditions during summer and the
selection of the summer as the critical time period used for designing wastewater treatment plants,
mean summer stream flow data are based on estimates of mean summer (July to September) flow
conditions within each RF1 stream reach. Mean summer flows for USGS gauging stations are based
on theratio of July to September average flows divided by the respective gauge mean. The summer
flow then is computed by multiplying the ratio by the Grayman mean. Summer velocities are
estimated as afunction of the summer flow based on the Grayman velocities for mean and low flows.
Grayman’s (1982) estimates of mean summer velocities for each RF1 reach are based on an analysis
of acompilation of time-of-travel studies and alog-log regression of mean flow and mean velocity
with the data compiled by mgjor river basin.

Under the assumption of steady-state flow and one-dimensional transport in free-flowing
streams and rivers, channel velocity and geometry (depth, width, cross-sectional area, and wetted
perimeter) for each RF1 reach are estimated using the mean summer flow balance and velocity data
estimated for each RF1 reach and the “stable channel analysis’ developed by the U.S. Bureau of
Reclamation (Henderson, 1966). A reach is represented in the stable channel analysis with a 35
Side dope trapezoidal cross-section with mean channel depth (H), channel depth at the center of the
reach (H,), cross-sectional area (A,), wetted perimeter (P), and velocity (U) assumed uniform over
the downstream length of the laterally and depth-averaged RF1 reach. The stable channel analysis,
based on bed shear and local depth, provides a methodology to estimate the mean depth and wetted

C-23



perimeter of areach asafunction of reach cross-sectional area. With Grayman’s (1982) stream flow
and velocity data assigned to each RF1 reach, the cross-sectional area (A,) and mean depth (H) in
the reach were estimated from summer mean stream flow (Q) and velocity (U) asfollows:

QIU,
AJ2.86,
H, * 0.445,
H, * 4.99,

O IOIOZD

where

cross-sectional area of reach (ft?),

mean summer reach stream flow (cfs),
mean summer reach velocity (ft/sec),
wetted perimeter of reach (ft),

channel depth at center of reach (ft), and
mean channel depth of reach (ft).

o

ITUCO>»

C2.2.6 Stream Reach Routing

The USEPA Reach Files are a series of hydrologic databases of the surface waters of the
continental United States. The structure and content of the Reach File databases were created
expressly to establish hydrologic ordering, to perform hydrologic navigation for modeling
applications, and to provide aunique identifier for each surface water feature (i.e., the reach code).
Reach codes uniquely identify, by watershed, the individual components of the nation’srivers and
lakes. RF3 hasavery powerful routing design ideal for upstream and downstream orientations. This
routing design works reach by reach, requiring no more than one “reach” database record to be “in
memory” at atime. The routing design can be set up to run quite rapidly and is discussed in detail
in Bondelid et al. (19993, 1999b).

C3 WATER QUALITY AND EUTROPHICATION ASSESSMENT COMPONENT

For the AFO/CAFO version of NWPCAM, several models are used to assess the fate of
water quality parameters within the hydrologic framework. First, nutrients and pollutants are routed
overland from the agricultural cell inwhich AFO/CAFO edge-of-field loadings have been distributed
to the nearest RF3 reach. Next, nutrients and pollutants are routed within the RF3 hydrologic
framework to the RF1 subset of the RF3Lite hydrologic framework. For both overland transport and
the RF3 hydrologic framework, the fate of these parametersis considered to be driven by afirst-order
decay process. For lakes within the RF1 subset of the RF3Lite framework, nutrient related water
quality changes are evaluated using a eutrophication model. Lastly, dissolved oxygen (DO),
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nitrogenous biochemical oxygen demand (N-BOD), total suspended solids (TSS), and fecal
coliforms (FC) are modeled within the RF1 subset of the RF3Lite hydrologic framework based on
the kinetics used in the nutrients version of NWPCAM (version 1.1).

C.3.1 RFE3/Overland Water Quality Kinetics

Within the RF3 hydrologic framework and for overland flow, the fate of nutrients and
pollutants distributed to agricultura cells from AFO/CAFO operationsis driven by first-order decay
kinetics based on the following equation:

dc K G
dt
where
do/dt = the instantaneous change in pollutant concentration
K = decay rate (1/d)
C = pollutant concentration (mg/L).

The closed-form solution of this ssimple differential equationis

C = Co* e

concentration (mg/L) at time zero
concentration (mg/L) at timet.

Extensive experience from a large number of studies has shown that the first-order decay
process can be adequate for modeling many of the complex physical and biological processes that
take place with many constituentsin water. A difficulty with this approach, however, isin selecting
the appropriate decay rate ( K) which generally is based on field measurements, other modeling
studies, and/or calibration of the model for a particular river system. For biological processes, K has
been found to be temperature dependent. For NWPCAM, temperature adjustments to K have been
adopted from USEPA (1985). For phosphorus, K is considered related to the deposition rate of
sediments because phosphorus generally is bound to sediments. The kinetic expressions used to
represent decay for overland flow transport and within the RF3 hydrologic framework of the
AFO/CAFO version of NWPCAM include:
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Total Nitrogen - C, = C,*e&X™  whereKn=0.3842 for discharges < 1,000 cfs
Kn = 0.1227 for discharges > 1,000 cfs and <10,000
cfs
Kn = 0.0408 for discharges > 10,000 cfs
(Smith et al., 1997)

Total Phosphorus- C, = C,* e*P=  \where Kpsed = (0.3/reach depth (y))
Fecal Coliform - C, = C,* 08 10m{Temperaure20")  \yhere Temperature (°C)
Fecal Streptococci - C, = C,* €018

Sediments - C, = C,* &= \yhere Ksed = (0.3/reach depth (y))

To support evaluation of nitrogenous biochemical oxygen demand (N-BOD) based on the
kinetics used in the nutrients version of NWPCAM (version 1.1), nitrogen speciation also ismodeled
during overland flow transport and within the RF3 hydrologic framework. The kinetic expressions
used for nitrogen species include (where temperature (temp) in °C) :

Nitrate-Nitrogen (NO; N)- C, =C_* (Exp(-0.1* 1.045" (temp - 20) * t))

Soluble Ammonium-Nitrogen (NH,S N)- C, =C,* (Exp(-0.12* 1.08 " (temp - 20) * t))

Insoluble Ammonium-Nitrogen (NH,I_N)- C, =C_* (Exp(-0.12* 1.08 * (temp - 20) * 1))

Organic-Nitrogen (ORGNI_N)- C, =C,* (Exp(-0.075* 1.08 " (temp - 20) * 1))

Transformation of nitrogen species resulting from these kinetics include:

NO, N from NH,S_N (NO, NH,S)- NO, NH,S=NH,SN (&t C,) - NH,S N (at G)

NO, N from NH,I_N (NO,_NH,I)- NO, NH,I =NH,|_N (aC,) - NH,|_N (at G)

NH,S_N from ORGNI-N (NH,S ORGNI)- NH,S ORGNI = ORGNI_N (a C) -
ORGNI_N (at C)

Total fluxes of nitrogen species at agiven time (C,) therefore become:

Total NO, N (C)=NO, N +NO, NH,S+NO, NH,|
Total NH,S N (C) = NH,S N + NH,S ORGNI

Total NH,|_N (C) = NH,_N

Total ORGNI_N (C,) = ORGNI_N
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C3.2 Nutrient Water Quality Assessment

Nutrient related water quality and eutrophication changes resulting from the various rule-
making scenarios are evaluated using an eutrophication model (BATHTUB) developed for the US
Army Corps of Engineers. Nutrient |oads evaluated using the eutrophication model represent the
combined nutrient loadings of AFO/CAFO operations as well as the SPARROW generated non-
point source nutrient loadings to the RF1 subset of the RF3Lite hydrologic framework. BATHTUB
was used to model the response of RF1 lakes and reservoirs with a residence time of at least one
month to nutrient loadings (Walker, 1985). BATHTUB was chosen because of its strong empirical
foundation, use of an extensive nationa database, and general acceptance and use by lake and
reservoir modelers. Magjor inputs required for BATHTUB include |ake morphometry (surface area
and depth), flow, latitude, and nutrient loads. Several of these BATHTUB series models ranging
from the very simple to the most complex were evaluated in the NWPCAM analyses. While each
model may show dightly different water quality results, the bottom line change in water quality use-
support was not affected by model selection. The principal output of interest for this study was
chlorophyll **. Changes in concentration of chlorophyll ** among the range of AFO/CAFO rule-
making scenarios can be used to develop water quality benefits information which then can be
related to economic benefits.

The model equations used and described below predict reservoir concentrations of total
phosphorus, total nitrogen, chlorophyll **, organic nitrogen, particul ate phosphorus, and hypolimnetic
oxygen depletion rate as functions of reservoir mean depth, hydraulic residence time, and inflow
concentrations of total phosphorus, ortho-phosphorus, total nitrogen, and inorganic nitrogen. Mgor
inputs required for the eutrophication response model include lake morphometry (surface area and
depth), flow, latitude, and nutrient loads, delivered to the lake. The relationships are:

log (chl*") =log( Xpn) - .33 -.57 log(a) - .39 log(Z) -.0041/Ts
where

chl'* = reservoir chlorophyll ' concentration (mg/m°)
Xpn= composite nutrient concentration variable (mg/m®), and
Xpn=(P? + ((N-150)/12)?)*°

P = reservoir total phosphorus concentration (mg/m?®)
N = reservoir total nitrogen concentration (mg/m?)

a=nonalgal turbidity (1/m)

log(a) =.23-.2810g(Z) - .20log (Ts) + .36 log(P) - 0.027 LAT
Z = mean reservoir depth (m)

Ts = summer hydraulic residence time (years), and

LAT = latitude (deg-N)

Figure C-9 presents the regionalizing water quality use-support ladder based on chlorophyl|
"* concentrations used to assess breakpoints among different types of water use.
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REGIONALIZING USE SUPPORT LADDER USING CHLOROPHYLL *
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Chlorophyll Assessment Breakpoints

Lakes and Reservairs (ug/l)

Region |Swim Fish Boat
1 10 15 15
2 20 25 25
3 30 35 35
4 35 40 40




C3.3 NWPCAM 1L1KINETICSFOR RF1SUBSET OF RF3LITE REACHES

Nutrients/pollutants from AFO/CAFO operations are transported within the RF3/RF3Lite
system as discussed in Sections C3.2 and C3.3. Pollutants from point sources (e.g., industrial,
municipal, combined sewer overflows) and non-point sources (SPARROW generated data) are
brought into the NWPCAM framework at the RF1 subset of the RF3Lite framework. At this point,
the combined pollutant loads from AFO/CAFO operations, point sources, and non-point sources are
evaluated based on the kinetics used in the nutrients version of NWPCAM (version 1.1). For the
AFO/CAFO version of NWPCAM, these kinetics model dissolved oxygen (DO), nitrogenous
biochemical oxygen demand (N-BOD), total suspended solids (TSS), and feca coliforms (FC). The
kinetics for the nutrients version of NWPCAM (version 1.1) have been discussed in detail in
Bondelid et al. (1999b).

The following discussion presents the kinetic interactions, equations used for solution of the
model, kinetic coefficients, and forcing functions used to simulate each state variable.
C3.3.1 Steady-State, One-Dimensional Model of a Non-conser vative Constituent

For a constituent (C) that reacts with smplefirst-order kinetics (non-conservative) described
by areaction rate (K), the steady-state, one-dimensional (1-D) differential Equation C-1 describes
how the material changes along the length of a uniform reach of a stream or river in response to
advection and inputs from point sources and uniformly distributed nonpoint sources.

UdC/dx = -KC + S, (C-1)

where the terms and units as mass (M), length (L), and time (T) are defined as follows:

U = constant velocity component within reach along longitudinal (x-axis) . (ML?)
C = concentration of water quality constituent ....................... (LT
X = longitudinal coordinate (X-axiS) . ...........iiiiiiiii (L)
K = first-order kineticreactionrate ............. ... i, (ThH
S, = uniformly distributed source (+) or sink (-) of congtituent ........ (ML®T?

Assuming a constant depth and cross-sectional area and no change of stream flow within a
reach in the downstream direction of stream flow, the constant velocity (U) isgivenin Equation C-2:

U = Q/A. (C-2)
where the terms in the velocity relationship are:

= constant stream flowinreach ............................. (L3TH
A, = constant cross-sectional area of reach [(depth) (width)] ........... (L?)
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Solution to Steady-State, 1-D M odel

Thesimplified model framework adopted for NWPCAM Version 1.1 incorporatesonly linear
terms. With steady-state conditions and linear terms and constant hydraulic and kinetic parameters
defined for ariver reach, an exact analytical solution can be written for Equation C-1. The closed-
form, anaytical solution for the model (Chapra, 1997; Thomann and Mueller, 1987) describes the
steady-state, spatia distribution of a constituent, C(x), along the length of a river reach (x) in
Equation C-3:

C(x) = C, &™) + (Sd/K) [1 - V] (C-3)
where:

X = longitudinal coordinate (X-axis) ... ..... ..o (L)

C, = upstream boundary concentration .......................... (ML)

K = first-order kineticreactionrate . . .......... ..o (ThH

U = constant velocity withinreach ............................. (ML)

S, = uniformly distributed source (+) or sink (-) of constituent ... .. (ML®TH

Thefirst term in the solution is the spatia distribution resulting from the tributary load or
wastewater point source load input at the upstream boundary of the reach. The second term of the
solution gives the spatial response to the uniformly distributed, or nonpoint source, load input.

The upstream boundary concentration (C,) accounts for the mixing and dilution of the
inflowing upstream mass |oad [ (upstream stream flow) x (upstream concentration)] of the constituent
with the sum of the lateral massload(s) contributed by either atributary [(tributary flow) x (tributary
concentration)] and/or a point source discharge [(effluent flow) x (effluent concentration)] at the
upstream boundary. The upstream boundary of the reach is defined by the location of the confluence
of the river with atributary and/or wastewater discharge(s). The upstream boundary concentration
(C,) is obtained from a steady-state mass balance dilution calculation in Equation C-4:

C = [(QuCY + (QeC) + (QC/[(Qu+ Qe+ Q)] v (C-4)
where:
Q = upstream stream flow enteringreach ....................... (L3TH
C, = upstream boundary concentration of constituent .............. (ML)
Q = effluent flow of pointsource .............. ... ..., (L3TH
C. = effluent concentration of point source constituent ............. (ML?)
Q = tributary flow of pointsource. ............ ... ...l (L3TH
C, = tributary concentration of constituent ....................... (ML)

The uniformly distributed source term (S,) defines the input of a uniform mass load
normalized to aunit volume of the river with units of mass per volume per time (ML=T?). Uniform
distributions can also be defined as normalized to the length of shoreline as aline source (ML™T™)
or normalized to a unit area of the water column or bottom as an areal source (ML?T™).
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C3.3.2 Carbonaceous Biochemical Oxygen Demand

Ultimate carbonaceous biochemical oxygen demand (CBODU) is defined as the oxygen
equivalent needed for the complete stabilization of organic carbon in water and wastewater.
Depending on the type of point or nonpoint source load, ratios of CBODU to 5-day biochemical
oxygen demand (BOD5) are used to convert effluent loading data compiled as BOD5 to loading data
needed for input to the model as ultimate carbonaceous BOD. External sources of CBODU in the
model are derived from inputs from point and nonpoint sources. The loss of CBODU from a
waterbody is influenced by bacterial decomposition of organic carbon and physical settling of the
particulate fraction of the total organic carbon pool from the water column.

Following the general solution given in Equation C-3, the solution for the spatial distribution
of CBODU, C(x), as afunction of the location (x) on theriver is given in Equation C-5

C(x) = C, el (C-5)
where:

G, = upstream boundary concentrationof CBODU  ................ (mg/L)

K, = CBODU removal rate . .......ooviiiiiiieeee i, (day™)

X = longitudinal coordinate (X-axis) . ....... ..o (m)

U = constant velocity component along longitudinal (x-axis) ....... (m day")

The solution is determined by the upstream boundary condition and the removal rate of
CBODU from the water column which, in turn, is defined by bacterial decomposition and settling
of the particulate fraction of oxidizable organic matter (CBODU).

Upstream Boundary Condition

The upstream boundary concentration (C,) is computed from Equation C-4 for mass balance
dilution. The effluent concentration of CBODU (C,) in the dilution calculations is computed using
values of the ultimate BOD to 5-day BOD ratio assigned for each type of effluent, tributary input,
or nonpoint source load as shown in Equation C-6:

C. = CBOD5e (CBODU/CBOD5) (C-6)
where:

CBOD5e = carbonaceous 5-day effluent biochemica oxygen demand

CBODU = ultimate carbonaceous biochemical oxygen demand

CBOD5 = carbonaceous 5-day biochemica oxygen demand
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Decomposition Rate

The kinetic rate for bacterial decay (K,) is represented as a simple first-order reaction that
accounts for the overall decomposition of both the labile/refractory and dissolved/particulate
fractions of total organic carbon. Assignment of the CBODU decay rate depends on the level of
wastewater treatment, with higher decay rates used to account for discharges of raw and primary
effluent (more labile, more particulate, easier to decompose). Lower decay rates are characteristic
of discharges of secondary and better than secondary effluent (more refractory, more dissolved, more
difficult to decompose) (Chapra, 1997; Lung, 1998).

In the data compiled by Hydroscience (1971; 1972) and Wright and McDonnell (1979), K
(min) was defined by a value of 0.3 day. Note that the field data used by Hydroscience (1971;
1972) in this relationship were collected during the 1960s when many treatment plants achieved less
than secondary treatment; 72 percent of publicly owned treatment works (POTW) facilities were
discharging raw or primary effluent in 1968 (U.S. Department of the Interior or DOI, 1970). The
value of K, (min) = 0.3 day is consistent with decay rates ranging from 0.1 to 0.3 day™* typical of
waterways receiving primary effluent (Chapra, 1997; Lung, 1998).

For the baseline scenario in which contemporary (ca. 1995) effluent loading rates are
represented in the model, the decomposition rate [K (min)] is assigned a lower value of 0.2 day™
reflecting more refractory secondary and better than secondary effluent (Chapra, 1997; Lung, 1998).
As documented in the 1996 Clean Water Needs Survey, 86 percent of the nation's POTW facilities
discharged secondary or better effluent in 1996 (U.S. EPA, 1997).

The functional relationship of Equation C-7 is used to assign K, as the decomposition rate,
with the parameter value for K, (min) assigned different values to represent the (a) baseline “with
Clean Water Act (CWA) ca. 1995 effluent loads’ and (b) “without CWA primary effluent only
loads’ policy scenarios.

The decomposition rate (K,) is also adjusted for water temperature (T) according to the
relationship shown in Equation C-8:

Kq (T) = K4(20) 2, (C-8)
where:

T = waler temperature . . . ... (EC)

Kyq20) = reactionrateat 20EC ...ttt (day™)

24 = temperaturecoefficient ......... ... ... ... (1.047)
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Settling L oss

The loss rate of the particulate fraction of CBODU by settling is given by the term W_/H
where W, is the settling velocity for particul ate organic matter and H is water column depth. As
municipal treatment levels increase from raw and primary to secondary and better than secondary,
the suspended solids |oad and the corresponding particulate fraction of organic matter in the effluent
is considerably reduced. Facilities whose treatment level isless than secondary typically remove
about 50 to 70 percent of influent suspended solids and better than secondary treatment level plants
can remove about 95-99 percent of solids (Association of Metropolitan Sewerage Agencies or
AMSA, 1997; Gunnerson et d., 1982; Metcalf and Eddy et a., 1991). Assuming that 40 percent of
effluent suspended solids are composed of particulate organic carbon (HydroQual, 1987), the
particulate fraction of effluent CBODU is reduced from 40 to 51 percent for less than secondary
effluent to 37 percent for secondary effluent and only 7 to 19 percent for better than secondary
effluent. Theload of settleable organic solids discharged by municipa wastewater thus decreases
asthe treatment efficiency isimproved. Asthe dissolved fraction of organic matter in the effluent
increases with better than secondary treatment levels, the settling loss rate (W, /H) diminishes and
the in-stream removal rate (K, = K, + W /H) is effectively lowered to approach the in-stream
decomposition rate (K, ~ K,) (Lung, 1998).

Based on the range of values reported for the settling velocity (W) of particulate organic

matter (~0.2-2 m day™) (Chapra, 1997), the deposition loss of organic matter (CBODU) from the
water column is parameterized in the model with a settling velocity of 0.5 m.day™.

Removal Rate

Calculation of the CBODU removal rate (K,) is determined by the decomposition rate (K ),
the settling velocity (W), depth (H), and a“policy scenario multiplier” (M,) as shown in Equation
C-9:

Ke = Ky + (Wo/H) (M-1) (C-9)
where

Ky = CBODU decompositionrate ...............cciiiiieeeennnnnnn. (day™)

W, = CBODUsettlingvelocity ...............cciiiiiiiiia.... (m day™)

H = watercolumndepth . ...... ... .. (m)

M, = policy scenario multiplier .. 1=with CWA; 2 = without CWA, primary only)

Assignment of the CBODU removal rate (K,) for the without CWA primary effluent only
policy scenario is computed using avalue of M = 2 for the policy scenario multiplier. Particulate
deposition of settleable solids are thus represented in the without CWA scenario.

Based on population-served data compiled from the 1996 Clean Water Needs Survey (U.S.

EPA, 1997), it is estimated that about 89 percent of the national influent load of total suspended
solids (TSS) and the corresponding influent load of particulate organic carbon has been removed
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from secondary and better than secondary effluent discharged to surface waters. Under the
contemporary (ca. 1995) effluent with CWA load scenario, the particul ate fraction of the effluent is
assumed sufficiently small that the settling loss term can be ignored in Equation C-9. A value of M,,
= 1 is assigned for the policy scenario multiplier to effectively define the removal rate (K,) as
equivalent to the decomposition rate (K,) (Chapra, 1997; Lung, 1998). Particulate deposition of
settleable solids are thus considered negligible in the with CWA scenario.

Version 1.1 of the NWPCAM isto be used to assess the water quality benefits attained by
upgrading wastewater treatment from primary only (without CWA policy scenario) to secondary and
better than secondary (with CWA ca. 1995 policy scenario). The model framework must therefore
assign different reaction rates for CBODU remova by decomposition and settling. The kinetic
formulations used to define CBODU removal are summarized below for each policy scenario.

Basdline Scenario: With CWA Secondary and Better Than Secondary Effluent

Ky(T,H) = [Equations C-7 and C-8]
Ky(min) = 0.2 day*

M, = 1

K, = Equation C-9

Policy Scenario: Without CWA Primary Effluent Only

Ky(T,H) = [Equations C-7 and C-8]
Ky(min) = 0.3day*

M, = 2

K, = Equation C-9

C3.3.3 Oxidizable Nitrogen

In the sequential nitrification reactions for the oxidation of ammoniato nitrite and nitrite to
nitrate, oxygen is consumed. In the breakdown of organic matter, organic nitrogen is hydrolyzed to
ammonia. Thetotal amount of oxidizable nitrogen in water and wastewater isgiven astotal Kjeldahl
nitrogen (TKN) and is the sum of organic nitrogen and ammonia nitrogen. The amount of oxygen
required for nitrification is considered as the nitrogenous biochemical oxygen demand (NBOD).
Externa sources of TKN inthe mode arederived from inputs from point and nonpoint sources. The
loss of TKN from awaterbody is determined by the complete bacterial oxidation of ammoniato
nitrate, hydrolysis of organic nitrogen, and physical settling of the particulate fraction of organic
nitrogen. Asaproduct of sediment diagenesis, regeneration of ammoniain the sediment bed serves
asasource term for oxidizable nitrogen by the mass transfer of ammoniafrom the sediment bed back
into the water column.



Upstream Boundary Concentr ation

The upstream boundary condition (C,) is computed from Equation C-4 for mass balance
dilution.

NBOD Oxidation Rate

The kinetic rate for oxidation of NBOD (K,) is represented as a simple first-order reaction
that accounts for the overall loss of oxidizable nitrogen (TKN) via hydrolysis of organic nitrogen,
settling of the particulate fraction of organic nitrogen, and the oxidation reactions transforming
ammoniato nitrite and nitrate. Several environmental factors have been shown to influence the
overall loss rate of oxidizable nitrogen from the water column including pH, water temperature,
suspended solids concentration, dissolved oxygen concentration, the benthos and substrate of the
waterbody, depth, velocity, and other hydraulic characteristics (Zison et a., 1978; Bowie €t al.,
1985).

Thelossrate (K,) for TKN, at 20 EC, is adjusted for ambient water temperature (10 C <T<
30 C) according to the following relationship:

K, (T) = K, (20) 20 (C-12)
where:

T = waler temperature . . . ... (EC)

K, (20)= oxidationrateat 20EC . ...........uutrrrriiiiiii, (day™)

2, = temperaturecoefficient ........... ... .. .. (1.08)

C3.3.4 Dissolved Oxygen

Dissolved oxygen (DO) is included in the model framework as a key indicator of water
quality for the protection of aquatic biota. DO levels are aso directly related to policy scenarios that
drive municipa and industrial effluent loading rates of carbonaceous (CBODU) and nitrogenous
(TKN) oxygen-demanding materials. Sources of DO that add oxygen to surface waters include
atmospheric reaeration and photosynthetic oxygen production from algae, macrophytes, and
periphyton. DO islost from surface waters by respiration of algae, macrophytes, and periphyton;
biochemical decomposition of organic carbon (i.e., CBODU); nitrification of ammonia; and
consumption of oxygen in the sediment bed. In Version 1.1 of the model framework, the
photosynthetic gains (P) and respiratory losses (R) from aquatic plants, assumed to be balanced (i.e.,
P-R=0o0r P=R), are not included.

In contrast to the straightforward solutions for the other state variables, the solution for DO
is coupled with the solutions obtained for CBODU and TKN because these solutions account for the
carbonaceous and nitrogenous oxygen demands. The solution for DO is also given in terms of the
DO deficit, or departure from the oxygen saturation concentration.
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The solution for the spatial distribution of oxygen deficit, D(x), is taken from Thomann and

Mueller (1987) and given in Equation C-15, for oxygen balance:

The components of the oxygen balance equation (C-15) are as follows:

D(x)

€) theinitia value of the oxygen deficit
(b) point source of CBODU
(c) point source of TKN

(d) distributed source of TKN load with no significant addition to river flow
(e deficit due to distributed source from algal gross photosynthesis

()] deficit due to distributed sink from algal respiration

(9) deficit due to distributed sink from sediment oxygen demand

_ X
=D, exp( &KaU)
+ K
= exp| &K, X | & expl &K, 2 ||| L,
K &K, U U
Ko
+ d exp(&Knl) &exp[&Kai) N.a
K &K | U U

U

+ K [
( n 1&exp(&Kal)
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where:

D(x)

o

o

XZImXXCX

=

o0

Ty

oxygen deficit along longitudinal distanceof river ................ (ML)
initial oxygen deficit at upstreamendof asegment . ............... (ML?)
atmospheric reaeration coefficient ............. ... ... . (ThH
longitudinal distanceindirectionof flow .......................... (L)
freshwater streamvelocity . ... (LT
CBOD decomposition rate . .. ... oo vt e e e (ThH
CBOD removal rate . ...ttt et (ThH
initial CBODU concentration at upstream end of segment .......... (ML?)
initial TKN concentration at upstreamend of segment ............. (ML?)
nitrificationrate . .......... . ?
distributed source of anmoniafromsediments . ................ (ML3T?
daily average gross photosynthetic oxygen production (P,=R,) . ... (ML®T?)
agal respirationrate (R,=P,) ..o (ML3T?
sedimentoxygendemand . ......... ..., (ML3T?
depthof riversegment . .......... .. i (L)

All reaction rates are computed for the ambient water temperature (T, EC). Note that in
NWPCAM Version 1.1, it isassumed that P, = R, so that P,- R, = 0; net algal production of oxygen

=0.

After computation of the oxygen deficit, D(x), the DO concentration is computed using
Equation C-16:

DO(x)
where:

Cs
D(x)

e T ) | S (C-16)
= dissolved oxygen saturation concentration . ... ............... (ML)
= oxygen deficit along longitudina distance of rivers............ (ML?)

The DO saturation concentration, (C,[S,T, E,4]) depends on water temperature, salt concentration,
and elevation above mean sea level, and is computed from relationships given by Thomann and
Mueller (1987) and Chapra (1997).

The effect of water temperature on oxygen saturation (Oy) is computed with Equation C-17:

In0, = —139.34411 + L5757-01 x 10° _ 6.642308 x 10’ (C-17)

T T

a a

+ 1.2438003 X 101_0 _ 86.6215249 X 10f

Ta Ta
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where;

T
T

absolutetemperature . .......... ... (degrees K)
eMPEratuUre . ... (EC)

a

where T, is computed from Equation C-18:
T,=T+273.15 (C-18)

The effect of salt on oxygen saturation (Og) is computed using Equation C-19:

IN0;= In0, —S ,1.7674x 102 LO754x10° 21407 x10°,
; ] "
T, T,

(C-19)

where:
S = sdinity .......... (g L™ = parts per thousand, ppt, sometimes given as %00)
Using data extracted from STORET, the spatial distribution of chloridesis represented in
Version 1.1 of the model framework as a mean summer forcing function with summary statistics of

chlorides assigned to RF1 reaches as catalog unit mean values. Chloride levels (as mg/L) are
converted to salinity (S, as g/L) to estimate oxygen saturation using Equation C-20:

S = 003+1.80655x 10°[Cl] (C-20)

The effect of elevation on the temperature (T) and salt-dependent DO saturation (Oy) is
computed from aformulation given by Chapra (1997) using Equation C-21.:

Oy = (Og+OJ[1-1148Eyg)] - vvvovveii i (C-21)
where:

O4 = temperature-dependent oxygen saturation (Equation C-17) ......... (mg/L)

O, = sdt-dependent oxygen saturation (EquationC-19) ................ (mg/L)

Ews = meaneevationabovesealevel ...... ... .. . ... (m)

Upstream Boundary Concentration

After transforming the DO concentrations of the upstream inflow, tributary inflows, and point
and nonpoint sources to the deficit concentration, the upstream boundary condition of the oxygen
deficit (D,) is computed from the mass balance dilution equation (Equation C-4). For headwater
start reaches, 100 percent oxygen saturation is assumed so that the initial deficit iszero. For inflows
across the upstream boundary and tributary inflows, the oxygen deficit is computed, stored, and
assigned from upstream solutions of the model. For point sources and nonpoint source runoff,
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characteristic oxygen concentrations, and hence deficits, are assigned to each type of load input.
Municipa andindustria discharges assume awater temperature of 25 EC, and the deficit from urban
and rural runoff is based on the water temperature assigned to an RF1 reach. Spatially dependent
water temperature, chlorides, and elevation data are used with Equations C-17, C-19, C-20, and C-21
to assign the oxygen saturation concentration and oxygen deficits (Equation C-16) for each type of
source.

Atmospheric Reaer ation

Oxygen transfer from the air to the surface layer of a waterbody depends on water
temperature and turbulence due to velocity in the river, wind mixing, and any turbulence contributed
by water faling over waterfalls and dams. For this simplified model, the atmospheric contributions
from wind mixing, waterfals, and dams are not considered. The atmospheric reaeration coefficient
(K,) is determined using the method of Covar (1976) presented in Bowie et al. (1985) and adopted
for the Wasp5-Eutro5 model (Ambrose et a., 1993). The method computes reaeration as afunction
of velocity and depth using formulations developed by Owens et al. (1964), Churchill et a. (1962),
and O’ Connor and Dobbins (1958) for different categories of streams and rivers. The selection of
the specific formulation is governed by the paired depth and velocity assigned to the RF1 reach (see
Table C-4). The computation of K isgiven in Equation C-22:

K, = AUl HS (C-22)
where:

a, b,c = coefficientsfor depthandvelocity ...................... (seetable C-2)

U = VEIOCItY ... (mstor ft st

H S oddepth . (mor ft)

The lower and upper ranges for depth (H) and velocity (U) and the numerical values of the
coefficients (a, b, and c) for the three formulations are given for both metric and English unitsin
Table C-2.

The atmospheric reaeration rate (K,) is determined from Equation 4-23 at 20 EC, and
adjusted for ambient water temperature according to the following relationship:

Ka (T) = Ka (20) 20(T_20) (C_23)
where:

T = owater temperature ... .. (EC)

K(20) = amosphericreaerationrateat 20EC ....................... (day™)

2, = temperaturecoefficient ......... ... ... ... (1.024)
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TableC-4

DEPTH (H) AND VELOCITIES (U) RANGESREAERATION FORMULATIONSAND
COEFFICIENTSFOR OWENSET AL., CHURCHILL, AND O'CONNOR-DOBBINS
(Chapra, 1997; Ambroseet al., 1993)

Metric Units
(Uasm s, Hasm)

English Units
(U asft s*, H asft)

Owenset al. (1964)

(Depth: Shallow streams)

H = 0.12<H <33 04<H<11
U = 0.03<U <152 0.1<U<5
(continued)
a = 5.32 21.6
b = 0.67 0.67
c = -1.85 -1.85
Churchill (1962)
(Depth: Moderate to deep; fast velocity)
H = 061<H<33 2<H<1
U = 055<U<15b2 18<U<5
a = 5.026 11.6
b = 1.0 1.0
c = -1.67 -1.67
O’Connor and Dobbins (1958)
(Depth: Moderate to deep; low to moderate velocity)
H = 03<H<91 1<H<30
U = 0.15< U <049 05<U<16
a = 3.93 12.9
b = 0.5 0.5
c = -1.5 -1.5
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Sediment Oxygen Demand

Organic matter in the aquatic ecosystem is derived from the external loading from wastewater
discharges, watershed runoff, and in situ biological production processes. The dissolved and
particulate fractions of organic matter are then removed from the water column by bacteria
decomposition, with the particulate fraction subject to additional removal from the water column by
settling of particulate organic matter to the bottom. Under aerobic conditions, bacteria
decomposition of organic matter, occurring in the water column and on the sediment bed, consumes
DO. Theratesof consumption of oxygen in both the water column and the sediment bed are clearly
correlated with the rates of external point and nonpoint source loading and in situ biological
production of organic matter. In the water quality model, the water column consumption of oxygen
is described by the decay of the amount of CBODU remaining in the water column after the initial
dilution and transport of external point and nonpoint source loads. The water column consumption
of oxygen isthusdirectly coupled to the magnitude of external point and nonpoint sourceloads. Any
increase in the loads will increase water column oxygen consumption and decrease DO. Any
decreases in loads will have the opposite effect, increasing levels of oxygen.

The importance of the decomposition of organic matter deposited in the sediment bed has
been understood since oxygen balance models were first devel oped during the 1960s. Water quality
models built since the 1960s and even into the 1990s typically defined spatially dependent rates of
SOD as a zero-order, externa forcing function specified as input data to a model (e.g., Qual2E,
Brown and Barnwell, 1987; Wasp5-Eutro5, Ambrose et al., 1993). Field measurements of SOD or
the literature, were typically used to assign model input values for existing loading conditions for
calibration and validation of amodel. To prepare model projections of future conditions simulated
under reduced loading conditions as a result of control alternatives, the specification of future SOD
conditions was problematic since no reliable methodol ogies were available to provide alink between
changes in organic matter deposition to the bottom and changesin SOD. Future SOD values were
either unchanged or reduced assuming alinear proportionality with reduced external loads. Where
the control alternatives were not expected to greatly alter the loading of particul ate organic matter
to the sediments, the assumption of no change in only the SOD was reasonable. Where control
alternatives were intended to reduced particulate organic matter loads, the assumption of linear
proportionality was based only on best professional judgement. Most control aternatives, however,
such as upgrading primary facilities to secondary and better than secondary treatment, controlling
combined sewer overflows or reducing the loading of nutrients, either directly or indirectly, reduce
the amount of particulate organic matter supplied to the sediment bed and thus directly influence
SOD.

In the NWPCAM, the primary objective of the model framework is to couple changesin
water quality and beneficial uses that can be expected through implementation of policy scenarios
for point and nonpoint source controls. Development of atechnically credible model framework for
the NWPCAM, therefore, requires that a link between external loads and SOD be incorporated into
the model.
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Contemporary state-of-the-art water quality modelsfor the Chesapeake Bay (Cerco and Cole,
1993) and the Upper Mississippi River (HydroQual, 1999; 199a; 1996b), for example, incorporate
amechanigtic relationship between deposition and decomposition of particul ate organic matter and
SOD based on the landmark work of Di Toro et a. (1990). Incorporating the full complexity of the
state-of-the-art models cited above is far beyond the scope of the ssimplified model framework
adopted for Version 1.1 of the NWPCAM. Thekey finding in the analysis of Di Toro et a. (1990),
however, isthat the SOD that can be exerted by decomposition of particulate organic carbon in the
sediments is not linearly proportional but rather is dependent on the square root of the loading of
particul ate organic carbon to the sediments. Thus, if the externa point and nonpoint source loading
rate is controlled by regulatory policy so that the flux of organic carbon to the sedimentsis reduced
by 50 percent, the maximum SOD is reduced by the square root of 0.5 (0.5*° = 0.707) or only a30
percent reduction. This surprising theoretical result of the SOD model has been confirmed in
analyses of published data sets and contemporary field measurements (Di Toro et a., 1990).

In an analysis of organic carbon loading and SOD measured in the tidal Potomac River from
the late 1960s and into the 1970s and during 1986, HydroQual (1987) concluded that changes in
external and in Situ particul ate organic carbon loads could be directly related to the observed changes
in SOD. Particulate organic carbon loads considered in the analysis accounted for the upstream
boundary load, municipal wastewater and combined sewer overflow (CSO) loads, and in situ algal
production. Using the model of Di Toro et a. (1990), SOD estimates were in the range of observed
field data measured under the loading conditions of the late 1960s and 1970s (2.3-2.5 g O, m?day™)
and 1986 (1.4 g O, m?day™).

Following the approach employed by HydroQual (1987) to couple changesin organic carbon
loads with changesin SOD in the tidal Potomac River, the key finding from the model of Di Toro
et a. (1990) is used in the NWPCAM framework. The square root dependency of SOD with the
external organic carbon loading rate is used as a conceptua framework to modify SOD rates
assigned as input data for the baseline (ca. 1995) contemporary effluent loading scenario for
simulation of the without CWA primary effluent loading policy scenario.

As anational-scale model, estimates of nationally aggregated point source loading rates for
particulate organic carbon (POC) are compiled for contemporary after-CWA (ca. 1995) conditions
and pre-CWA conditions (ca. 1960s). The assumption was made that reach level assignments of
SOD rates for the without CWA primary effluent scenario can be derived by increasing the with
CWA baseline conditions (ca. 1995) for SOD in proportion to the square root of the ratio of pre-
CWA (ca. 1960s) and post-CWA (ca. 1995) effluent POC loads. The proposed methodology,
although using the key finding of Di Toro et a. (1990), isfar from ideal since the baseline condition
(ca. 1995) assignments of SOD rates are not explicitly coupled with the magnitude of external
organic carbon loading to areach as done, for example, for a state-of-the art water quality model of
the Upper Mississippi River (HydroQual, 1999a; 199b). Baseline conditions for SOD are assigned
using best professional judgement drawn from areview of the literature.
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Based on areview of the literature, (Bowie et a., 1985; Zison et al., 1978; Thomann and
Mueller, 1987; Hatcher, 1986), SOD rates can range from ~1 to 10 g O, m?day™. Asaresult of
settling out of solids from effluent discharges, higher rates are typically observed in the vicinity of
an outfall, with the rate diminishing with distance downstream of a point source discharge. SOD
measurements near a CSO discharge in the Pardegat Basin in New Y ork City show aclear trend of
high rates (~5-10 g O, m2day™) within about 0.2 miles of the CSO discharge. After the bulk of
settleable solids have been deposited in the vicinity of the outfall, the SOD measurements drop to
lower rates (~1-3 g O, mday™) at a distance of ~0.5 mile to 2 miles from the CSO discharge
(HydroQual, 1991). A similar spatial pattern of high SOD rates within about 0.25 miles of a heavy
waste load are presented by Bowie et al. (1985) in a survey of the Passaic River in New Jersey
(Hunter et al., 1973).

Using the type of pollutant source(s) defined as input loads to a reach, SOD rates (at a
reference temperature of 20 EC) are assigned to RF1 reaches for the with CWA ca. 1995 baseline
loading conditions as follows:

With CWA Basdine Conditions, ca. 1995

RF1 Reaches Not Impacted by Point Sources
C Rural Nonpoint Source (NPS)  ...........coviiiiiinnnn. 0.5g9 O, m?day*

RF1 Reaches Assigned Point Source L oad(s)
C Urban NPS/ Municipal/Industrial Point Source (PS) .......... 1.5g O, m?day™

Inventories of the population served by different types of municipal wastewater treatment
plants have been compiled in Tetra Tech and Stoddard (2000) from U.S. Public Health Service
(PHS) municipal wastewater inventories for 1940, 1950, 1962, and 1968 and U.S. EPA Clean Water
Needs Surveys for 1976 through 1996. Using the population served data, estimates of national
effluent loading rates for total suspended solids (TSS) and POC was based on the following
assumptions:

C Per capita wastewater flow rate based on average of U.S. EPA Clean Water Needs
Survey data (1978-1986) includesresidential, commercial, and industrial components
of wastewater flow (Tetra Tech and Stoddard, 2000; Metcalf Eddy et al., 1991):
q = 165 gallons (person-day)™*
C Influent TSS wastewater concentration based on mean influent data extracted from
the U.S. EPA Permit Compliance System (PCS) database for records submitted
during 1993-1996 (Tetra Tech and Stoddard, 2000):

Influent TSS = 213.5 mg/L
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C Removal efficiency and effluent concentrations for TSS in municipal wastewater
treatment plants (Metcalf Eddy et a., 1991; Gunnerson et a., 1982):

Raw = 0% 213.5 mg/L
Primary = 50% 106.7 mg/L
Adv-Primary = 70% 64.1 mg/L
Secondary = 85% 32.0 mg/L
Adv-Secondary = 95% 10.7 mg/L
AWT = 99% 0.85 mg/L
<Secondary = 60% 34.1 mg/L
>Secondary = 97.5% 2.1 mg/L

C Carbon (C) to dry weight (DW) ratio of POC in TSS in wastewater effluent (Metcal f
Eddy et al., 1991):

POC:TSS= 0.449C (gDW)*

Theresults of the nationally aggregated estimates of POC |oading from municipal wastewater
discharges are presented for 1968 (68 percent removal, 2400 mt day™) and 1996 (89 percent removal,
1133 mt day™) in Table C-5. Using theratio of the national estimates of POC loading pre-CWA and
post-CWA (2.1 = 2400/1133) to determine the sguare root dependency (1.45 = 2.1°°) of SOD with
municipal POC loads, the baseline SOD assumptions were increased by afactor of ~1.5. Dataare
not available to define CSO loading rates before and after the CWA. It was assumed that the same
factor of 1.5 can be used to describe an increase of SOD rates in reaches characterized by CSO
discharges that were not subject to any types of controls before the CWA.

Crude national estimates of the contribution of industrial POC loading before and after the
CWA were dso derived using effluent BOD5 datafrom Luken et a. (1976) for pre-CWA (ca. 1973)
and the NWPCAM for post-CWA (ca. 1995). Assuming that CBODU:BODS ratios for industrial
loading could be described with values of 1.6 for pre-CWA and 2.8 for post-CWA and the
particulate fraction of total organic carbon declined from ~50 percent pre-CWA to ~20 percent post-
CWA, industrial BOD5 loads of 5406 mt day™ (ca.1973) and 1806 mt day™* (ca. 1995) could account
for POC loads of ~1620 mt day™ (ca. 1973) and ~379 mt day™ (ca. 1995). If the industrial
component of the pre-=CWA and post-CWA POC loads are added to the municipal component, the
ratio of preeCWA to post-CWA POC loads increases to 2.66 = 4020/1512 and the square root
dependency increases to 1.6. A factor of 1.5 is therefore a reasonable parameter value to define
increased rates of SOD for the without CWA policy scenario.



TableC-5

NATIONAL ESTIMATE OF MUNICIPAL EFFLUENT POC, TSS, AND CBODU LOADING PRE-CWA

(1968) AND AFTER-CWA (1996) (ADAPTED FROM TETRA TECH AND STODDARD, 2000)*

Population Served POC Load TSSLoad CBODU
Year Facility (millions) (asmt day™) (as mt day™) (asmt day™)
1968 Raw 10.1 538.7 1346.8 1628
1968 <Secondary 4.1 6159
1968 Secondary 85.6 4897
1968 >Secondary 0.3 6
1968 No discharge n/a n/a n/a n/a
1968 Total 140.1 2399.9 599.8 12689
(89% R) (68% R) (44% R)
Population Served POC Load TSSLoad CBODU
Year Facility (millions) (asmt day™) (asmt day™) (asmt day™)
1996 Raw 0 0 0 0
1996 <Secondary 17.2 366.5 916.2 2122
1996 Secondary 81.9 655.6 1639.2 4688
1996 >Secondary 82.9 110.6 276.5 2422
1996 NoDischarge 7.7 0 0 0
1996 Total 140.1 1132.7 2831.8 9232
Assumptions used in POC, TSS, and CBODU load calculations
< secondary = average of primary and advanced primary
> secondary = average of advanced secondary and advanced treatment
Flow rate asgallons per person Per day . . .. ..ottt 165 gpced
n/a = not applicable
INflUBNt BOD S . . . e 215 mg/L
BODS remOVal fOr T . . . oot 0%
BODS5 removal fOr Primary . . . . ...t e e e e e e e 35%
BODS5 removal for advanCed Primary . . . ... ...t e e 50%
BODS5 removal fOr SECONTArY . . . .. ...t e e 85%
BODS5 removal for advanced SECONTArY . . . . ... oot e 90%
BODS5 removal for advanCed treatment . . ... .. ...ttt 95%
CBODU:BODS for raw efflUBNt . . . . ..o e 12
CBODU:BODS for primary and advanced primary effluent ........... . ... . 16
CBODU:BODS for secondary and advanced secondary effluent . ........... ... 2.84
CBODU:BODS for advanced treatment effluent ... ... ... e 30
0O,:C conversion of POC (asC) and CBODU (8S0,) .« ..t vtti ettt e e e e 26790,(gC)*
INflUENt TS . . o 213.5mg/L
TSSIEMOVE FOF TV . . o oottt et e e e e e e e e e e e e 0%
TSSremoval fOr PrimMary . .. ... e 50%
TSSremoval for advanCed Primary . .. .. ... .. 70%
TSSremoval for SECONAANY . . . ..o 85%
TSSremoval for advanced SECONANY . . . . ... oot 95%
TSSremoval for advanCed treatmeNt . . .. ... .. o 99%
POC:TSS ascarbon:dry Weight ratio . ... ... ..o . e e e 40%



Without CWA Primary Effluent Scenario

RF1 Background Reaches Not Impacted by Point Sources

C Rural NPS .. 0.5g9 O, m?day*
RF1 Reaches Assigned Point Source L oad(s)

C Urban NPS/Municipal/Industrial PS ..................... 2.259 0, m?day*

C CO0 it 7.59 0, m?day™

For both the baseline with CWA and without CWA policy scenarios, SOD values, assigned
at areference temperature of 20 EC, are adjusted for water temperature (T) in Equation C-24:

SOD(T) = SOD(20) 2, ™ (C-24)
where:

T = water temperature .. ... (EC)

SOD(20) = sediment oxygen demand at 20EC ............. (day™)

24 = temperature coefficient .......... ... ... L (1.065)

C3.3.5 Total Suspended Solids

Suspended solids are included in the model framework as an indicator of water clarity. Solids
are introduced into surface waters by naturally occurring geomorphological processes and
anthropogenic loading from point sources and land use-influenced nonpoint sources. In streams and
rivers, the distribution of solids suspended in the water column is determined by the particle size
characteristics of cohesive and noncohesive solids, hydrodynamics, and the particle size-dependent
bal ance between deposition and bottom shear-induced resuspension.

The representation of suspended solids in Version 1.1 of the model framework is highly
smplified. A single size classof solidsis used to define both the inorganic and organic components
of TSSwith no distinction made between cohesive and noncohesive solids. No attempt was made
to account for the solids content of a sediment bed that can be resuspended back into the water
column under high-flow conditions of erosion for two key reasons. (1) national-scale data are not
availableto characterize the spatial distribution of solidsin the sediment bed much lessto distinguish
between cohesive and noncohesive size classes either in the water column or the bed; and (2) any
representation of resuspension based on bottom shear stresses and velocities computed from the
simplified flow balance would introduce an enormous amount of uncertainty into the model
framework. The low-flow, summer condition of the model framework assumes that resuspension
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is most likely a minor component of a summer mean solids balance in streams and rivers. The
simplified model for TSS, based on no interaction of solids between the water column and the
sediment bed, assumes a“one-way loss of solids to the bed” (Chapra, 1997).

Sources of suspended solids in the model are derived from external inputs from point and
nonpoint sources. The baance between deposition and resuspension is represented in the model as
asimple, first-order loss term governed by the settling velocity assigned to the single size class of
solids and the depth of the water column.

Following Equation C-3, the solution for the spatial distribution of TSS, C(x), as afunction
of the location (x) on theriver is given in Equation C-25:

Cx) = C, K3/l (C-25)
where:

G, = upstream boundary concentrationof TSS .................... (mg/L)

K = TSSremoval rate . ..ot (day™)

X = longitudinal coordinate (X-axis) ... ... (m)

U = constant velocity component along longitudinal (x-axis) ....... (m day")

Upstream Boundary Concentr ation

The upstream boundary condition (C,) for TSS is computed using Equation C-4 for mass
balance dilution.
Removal Rate

The removal rate of suspended solids from the water column (K ) is governed by the solids
settling velocity and depth according to Equation C-26:

K = WH (C-26)
where:

W, = TSSsettling velocity . ... (m day™)

H = depthof watercolumn . ... ... .. (m)
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Based on the range of values reported for the settling velocity (W) of particulate organic
matter (~0.2-2 m day™), clays ( ~0.3-1 m day) and silts (~3-30 m day*) (Chapra, 1997), the loss of
solids from the water column is parameterized in the model using a settling velocity of 0.3 m day™.

C3.3.6 Fecal Coliform Bacteria

Fecal coliform bacteria (FCB), used as an indicator for the public health risk of exposure to
waterborne pathogens, are present in surface waters primarily from sources accounted for by direct
discharges from municipa and industrial wastewater facilities, CSOs, and watershed runoff from
urban and rural land uses. Bacteriaare lost from the water column primarily by mortality. Settling
and/or resuspension of bacteria sorbed onto particles are a so processes that can influence the density
of bacteria. Thelossof FCB is represented in the model as asimple, first-order lumped mortality
term.

Following Equation C-3, the solution for the spatial distribution of FCB, C(x), as afunction
of the location (x) on theriver is given in Equation C-27:

C(x) = C, e [-(Ky) x/U] (C-26)
where:

Cx) = gpatia distributionof FCB . ......................... (No./100 mL)

G, = upstream boundary concentrationof FCB .............. (No./200 mL)

K, = coliform bacteriamortalityrate ........... ... ... .. .. ... (day™)

X = longitudinal coordinate (X-axis) ... ... (m)

U = constant velocity component along longitudinal (x-axis) ....... (m.day")

Upstream Boundary Concentr ation

The upstream boundary condition (C,) for FCB is computed from the mass balance dilution
eguation, Equation C-4.

Mortality Rate

The mortality rate for total coliform bacteria (K,) depends on water temperature, salt
concentration (chlorides), and incident solar radiation (Mancini, 1978). In contrast to a more
complex modeling approach where the loss of bacteria from partitioning to solids and settling is
coupled with suspended solids (Chapra, 1997), the mortality rate isimplicitly defined to include the
loss of bacteria via settling on particlesin NWPCAM Version 1.1. Assuming that FCB mortality
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coliformsissimilar to total coliforms bacteria and neglecting the effect of sunlight, the temperature
and salt dependent mortality rate for total coliform bacteria (Mancini, 1978; Chapra, 1997) is given
in Equation C-28:

K, = [0.8 + 0.006 (§/S,)(100%)] 2, ™ .. ... ... (C-28)
where

S = ambient salt concentration (assalinity) ............. ... .. ..... (g/L)

S = reference seawater salt concentration (assalinity) ............ (359g/L)

2, = temperature dependence coefficient ............. ... .. ... ... (1.07)

T = water teMpPErature . . ... (EC)

For fresh water (S = 0), the mortality rate is 0.8 day™* (at T = 20 EC) with an additional
component of bacterial mortality accounted for by the linear dependence on salinity (or chlorides)
concentration. Chloride levels (ClI" as mg/L) are converted to salinity (S as g/L) to estimate the
coliform bacteria mortality rate using Equation C-20. The reference seawater salinity of 35 g/L used
by Mancini (1978) is equivalent to a chloride concentration of 19,357 mg/L. If salt concentration
is expressed as chlorides, then thetermsfor Sand S, are asfollows:

S
S

ambient salt concentration (aschlorides) .. ................... (mg/L)
reference seawater salt concentration (aschlorides) .. .... (29,357 mg/L)

Tables C-6 through C-10 present summaries of model coefficients, parameter values, units,
and formulations used in Version 1.1 of the NWPCAM.

Table C-11 summarizes the dependency of model parameters assigned asafunction of spatia
scale (RF1 reach; global) and policy scenario (without CWA and with CWA).
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TableC-6

MODEL COEFFICIENTSAND KINETIC FORMULATIONS: CBODU

Ky CBODU decomposition rate from Hydroscience (1971)
K, (min) Minimum CBODU decomposition rate day™*
Kq = K, (min) (H/8)°** H, # 8ft day*
Ky = K, (min) H, > 8ft day™
H; = depth feet
Ky (T) = K, (20) Thetg, ™20 day™
K, CBODU removal rate day™
W, CBODU particle settling velocity 0.5m day™
M, Policy scenario multiplier 1,2

Baseline Scenario: With CWA Secondary and Better Than Secondary Effluent

Ky(min) = 0.075 day™*

M, =1

Policy Scenario: Without CWA Primary Effluent Only

Ky (min) = 0.3 day™*
M, =2
K, = Ky(TH) + (W/H) (M,,-1) day™*
H RF1 reach depth m
T RF1 reach water temperature C
24 Temperature dependence for CBODU decomposition 1.047
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Table C-7

MODEL COEFFICIENTSAND KINETIC FORMULATIONS: TKN

Par ameter Description Unit
K, Nitrogen oxidation and loss rate day*
K, (T) = K, (20) 2, ™ day*
H RF1 reach depth m
u RF1 reach velocity ms?
T RF1 reach water temperature EC
2, Temperature dependence for TKN oxidation 1.08
Sin (20) = SOD(20) [(a) (a]1™
S (T) = Si, (20) 2, ™20
SOD(20) sediment oxygen demand at 20 EC g0, m?day™
A, stoichiometric ratio of O,:C 2.679g0,(gC)*
TableC-8
MODEL COEFFICIENTSAND KINETIC FORMULATIONS: DO
Par ameter Description Unit
C, Saturation concentration of dissolved oxygen asf (T,S, Eyg) mg/L
T RF1 reach water temperature EC
S RF1 reach salt as chlorides mg/L
Eus RF1 reach elevation above mean sealevel m
Ka Atmospheric reaeration rate asf (U,H) from Covar (1976)
K, = aU’H°C day*
K,(T) = K,(20)2,™0C day™
K(20) Atmospheric reaeration rate at 20 EC day*
KT Atmospheric reaeration rate at water temperature T day*
ab,c Resaeration formulation coefficients see Table C-2
u RF1 reach velocity (ftsh; ms?h
H RF1 reach depth (ft; m)
2, Reaeration temperature dependence coefficient 1.024
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TableC-9

MODEL COEFFICIENTSAND KINETIC FORMULATIONS: SOD

Parameter Description Unit
SOD Sediment oxygen demand asf (T, PS, NPS, policy scenario) g O, m?day™
With CWA Basdline Conditions ca. 1995 SOD (20 EC)
RF1 “background” reaches not impacted by point sources
C Rural NPS 0.5g O, m?day™
RF1 reaches assigned point source load(s)
C Urban NPS/Municipal/Industrial PS 1.5g O, m?day™
Without CWA Primary Effluent Scenario SOD (20 EC)
RF1 “background” reaches not impacted by point sources
C Rural NPS 0.5g O, m?day™
RF1 reaches assigned point source load(s)
C Urban NPS/Municipal/Industrial PS 2.25g O, m?day™
SOD(T) =  SOD (20) 2, ™2 g O, m2day™
SOD(20) Sediment oxygen demand at 20 EC g O, m?day™
SOD(T) Sediment oxygen demand at water temperature, T (EC) g O, m?day™
2 Temperature dependence coefficient for SOD 1.065
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TableC-10

MODEL COEFFICIENTSAND KINETIC FORMULATIONS: TSS
AND FECAL COLIFORM BACTERIA

Parameter Description Unit
K TSSremoval rate day™
K, = WYH day?
W TSS particle settling velocity 0.3 mday*
H Depth m
K, Total coliform mortality rate asf (T,S) from Mancini (1978)
K, = [0.8+0.006(5S,)100] 2, ™ day?
T RF1 reach water temperature EC
RF1 reach salt as chlorides mg/L
o Reference seawater salt as chlorides (salinity =35g/L) 19,357 mg/L
2, Temperature dependence coefficient for bacterial mortality 1.07
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SPATIAL SCALE AND POLICY SCENARIO DEPENDENCY OF MODEL

TableC-11

PARAMETERS
Parameter Description RF1 Policy | Global
Hydraulics
T Water temperature /
Q Stream flow /
H Water column depth /
U Velocity /
A, Cross-sectional area /
Carbonaceous Biochemical Oxygen Demand (CBODU)
Ky CBODU decomposition rate / /
K, (min) Minimum CBODU decomposition rate /
K, CBODU removal rate / /
W, CBODU particle settling velocity /
M, Policy scenario multiplier /
24 Temperature coefficient for decomposition /
Oxidizable Nitrogen (TKN)
K, NBOD oxidation rate /
2, Temperature dependence for TKN oxidation /
Sin Benthic regeneration rate of ammonia-N /
A, Stoichiometric ratio of C:N /
Ay Stoichiometric ratio of O,:C /
2 Temperature dependence for benthic regeneration /
Dissolved Oxygen (DO)

C, Oxygen saturation concentration /

Ambient reach salt as chlorides /
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Parameter Description RF1 Policy | Global

Euvs. Reach elevation above mean sea level /

K, Atmospheric reaeration rate /

ab,c Reaeration formulation coefficients /

2, Temperature dependence coefficient for reaeration /

SOD Sediment oxygen demand / /

2 Temperature dependence coefficient for SOD /
Total Suspended Solids (TSS)

K TSSremoval rate /

W TSS particle settling velocity /
Fecal Coliform Bacteria (FCB)

K,(20,0) Coliform mortality rateat 20 EC and salt = 0 /

K, (T,S) Coliform mortality rate asf (T,S) /

S Ambient salt as chlorides /

S Reference seawater salt as chlorides /

2, Temperature dependence coefficient /
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C4 ECONOMIC BENEFIT ANALYSES
The economic benefit analysis model used in the AFO/CAFO version of NWPCAM,

including the general water quality use-support ladder, is discussed in detail in early versions of
NWPCAM (e.g., Bingham et al., 1998).

C4.1 Water Quality L adder

The application of recreational use-support categories to characterize water quality
corresponds with the defined objectives of the Clean Water Act (CWA)—to attain “fishable and
swimmable” conditions in all of the nation’s waters—and it is also roughly consistent with the
“beneficial use” designations that many states have adopted to report on the status of their water
resources, as required under Section 305(b) of the CWA. Moreimportantly for NWPCAM, defining
the estimated impacts of water pollution control policiesin terms of use-support changes provides
auseful basis for assessing the benefits of these policies.

NWPCAM uses the water quality ladder described in Table C-12 to trandate in-stream
concentration estimates for BOD, TSS, DO, and FC into corresponding use-support categories using
an approach developed by Vaughn for Resources for the Future (Mitchell and Carson, 1986). This
approach involves choosing amaximum pollutant level for BOD, TSS, DO, and FC that corresponds
to boatable, fishable, and swimmable waters. A water resource that fails to meet the boating criteria
is classified as a “nonsupport” resource. Vaughn's original water quality ladder included BOD,
turbidity, DO, pH, and FC. Inthe AFO/CAFO version of NWPCAM, TSSis used as a surrogate for
turbidity.

Table C-12

WATER QUALITY LADDER VALUES

Biological Total
Oxygen Suspended Dissolved
Demand Solids Oxygen Fecal Coliforms
Beneficial Use (mg/L) (mg/L) (% saturated) (MPN/100 mL)
Swimming 15 10 0.83 200
Fishing 24 50 0.64 1,000
Boating 4.0 100 0.45 2,000
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Using the water quality ladder shown in Table C-12, NWPCAM water quality outputs for
several constituents can be described in terms of asingleindex. That is, the model output can be
expressed as the number or percentage of inland reach (RF1 subset of RF3Lite) miles in the
continental United States that fall into each of the use-support categories.

As noted above in Section C3.2, changes in concentration of chlorophyll ** among the range
of AFO/CAFO rule-making scenarios can be used to develop water quality benefits information*
which then can be related to economic benefits. This approach was devel oped for the AFO/CAFO
version of NWPCAM and will have greater application for future assessment work. Future work
also will evaluate incorporation of a water quality index approach to better assess use-support
changes and associated economic benefits compared to the current threshold approach used in
NWPCAM.

C4.2 Economic Benefits Calculations

Based on the water quality assessments for each AFO/CAFO rulemaking scenario and
baseline conditions, the RF3/RF3Lite river/stream miles are categorized as swimmable (highest
use), fishable, boatable (lowest use), and no-use. The difference in the milesfor each use category
between baseline conditions and a given rulemaking scenario is a measure of the improvement in
water quality attributable to the scenario. These differences in miles then can be converted into
economic benefits (dollars) based on the population and their willingness to pay for improvement
in water quality.

For the AFO/CAFO version of NWPCAM, some modifications have been made in the
equations for computing willingness-to-pay (WTP) benefits for boatable, fishable, and swimmable
waters. Benefits are calculated state-by-state at the state (or local) scale as well as at the national
scale. At the state scale, benefits are calculated as:

WTP for boating = (Boat_alt - Boat_base)/statemiles* statepop/2.62* 245* 2/3
WTP for fishing = (Fish_alt - Fish_base)/statemiles* statepop/2.62* 184* 2/3
WTP for swimming = (Swim_alt - Swim_base)/statemiles* statepop/2.62* 205* 2/3

* Chlorophyll ** assessment breakpoints were qualitatively assigned. Regionalization was
based on: proposed USEPA nutrient regions (http://www.epa.gov/OST/standards/nutstra3.pdf);
available water quality objectives/guidelines from USEPA wastel oad guidance (USEPA, 1983),
Region IV (USEPA, 1993), North Carolina,Virginia, Minnesota, Oregon, judgment about trophic
gradients across different ecoregions (based on latitude, altitude, climate, land cover); and
judgment regarding public perceptions for major recreational uses.
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where:

Boat_alt = milesof the State’ s boatable waters for given rulemaking scenario
Boat_base = miles of the State’ s boatable waters for baseline conditions

Fish_alt = milesof the State' s fishable waters for given rulemaking scenario
Fish_base = milesof the State' s fishable waters for baseline conditions

Swim_at = milesof the State’ s swimmable waters for given rulemaking scenario
Swim_base = milesof the State’' s swimmable waters for baseline conditions
Statemiles = total miles of RF3/RF3Lite rivers/streamsin the State

Statepop = population of the State

and

2.62 is an adjustment factor to convert State population to State households
245 is the 1999 household willingness to pay for boatable waters

184 is the 1999 household willingness to pay for fishable waters

205 is the 1999 household willingness to pay for swimmable waters

2/3 (or 0.66) isthe fraction of the household WTP applied to State waters

At the national scale, benefits are calculated as presented below. For agiven State, the miles
of National waters do not include the waters for that State.

WTP for boating = (Boat_alt - Boat_base)/natlmiles* statepop/2.62* 245* 1/3
WTP for fishing = (Fish_alt - Fish_base)/natlmiles* statepop/2.62* 184* 1/3
WTP for swimming = (Swim_alt - Swim_base)/natImiles* statepop/2.62* 205* 1/3

where

Boat_alt = milesof Nationa boatable waters for given rulemaking scenario

Boat_base = miles of National boatable waters for baseline conditions

Fish_alt = milesof Nationa fishable waters for given rulemaking scenario

Fish_base = milesof National fishable waters for baseline conditions

Swim_at =milesof National swimmable waters for given rulemaking scenario

Swim_base = milesof National swimmable waters for baseline conditions

Natlmiles = tota miles of RF3/RF3Lite rivers/streamsin the Nation not including the miles
for the given State

Statepop = population of the State
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and

2.62 is an adjustment factor to convert State population to State households
245 is the 1999 household willingness to pay for boatable waters

184 is the 1999 household willingness to pay for fishable waters

205 is the 1999 household willingness to pay for swimmable waters

1/3 (or 0.33) is the fraction of the household WTP applied to National waters
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Appendix D

AFO/CAFO NUTRIENT LOADINGS (KILOGRAMS) TO AGRICULTURAL
LANDUSE CELLSBY HYDROREGION FOR AFO/CAFO RULEMAKING
SCENARIOS (JUNE 2000 DATASETYS)

Hydroregion 1 Hydroregion 2 Hydroregion 3
Scenario Nitrogen | Phosphorus| Nitrogen | Phosphorus| Nitrogen | Phosphorus
Baseline 911,350 1,243,873| 7,410,693| 12,620,466| 26,168,358, 90,779,014
ELG-N Based + NPDES 1 783,504 783,098 6,581,814 7,902,418 | 23,460,379| 44,211,357
ELG-N Based + NPDES 2/3 733,061 677,430 5,932,313 5,815,813| 20,891,603| 21,974,064
ELG-N Based + NPDES 4 659,830 551,039 | 5,440,495 4,980,563| 20,482,148 20,342,960
ELG-N Based + NPDES 4A 768,789 729,071| 6,260,082 6,550,390 21,602,057 26,425,749
ELG-P Based + NPDES 1 654,695 668,968 | 5,465,234 6,773,211 19,759,627| 39,657,073
ELG-P Based + NPDES 2/3 542,383 500,483 | 4,280,105 4,077,689 15,450,640| 15,059,499
ELG-P Based + NPDES 4 417,132 328,125| 3,445,759 2,948,694 | 14,776,221| 13,055,190
EL G-P Based + NPDES 4A 559,056 569,054 | 4,770,486 4,978,343| 16,498,276, 19,983,166

Hydroregion 4 Hydroregion 5 Hydroregion 6
Scenario Nitrogen | Phosphorus| Nitrogen | Phosphorus| Nitrogen |Phosphorus
Baseline 14,572,366 20,066,731| 21,967,611 32,957,947 2,896,722 9,359,966
ELG-N Based + NPDES 1 10,607,737 9,454,320| 15,668,786 15,389,553 2,576,557 5,027,010
ELG-N Based + NPDES 2/3 | 10,041,362 8,392,651 | 15,117,087 14,065,751 2,243,297 2,301,133
ELG-N Based + NPDES 4 9,469,696 7,483,769| 14,704,032| 13,184,699 2,165,146 2,081,544
ELG-N Based + NPDES 4A | 10,190,830 8,523,610| 15,115,130| 13,968,597 2,373,898 3,112,512
ELG-P Based + NPDES 1 8,601,782 7,542,082| 12,591,503| 11,953,533 2,223,415 4,632,176
ELG-P Based + NPDES 2/3 | 7,566,232 6,107,217| 11,392,454 10,052,973 1,671,131 1,612,793
ELG-P Based + NPDES 4 6,681,908 4,706,456| 10,562,736 8,265,349 1,546,702 1,347,381
EL G-P Based + NPDES 4A 7,684,979 6,137,522 | 11,278,278 9,658,156 1,875,890 2,521,024

Hydroregion 7 Hydroregion 8 Hydroregion 9
Scenario Nitrogen | Phosphorus| Nitrogen | Phosphorus| Nitrogen |Phosphorus
Baseline 37,891,658, 57,881,498 3,237,361| 10,025,130 1,904,659 2,602,827
EL G-N Based + NPDES 1 31,490,841 39,149,871| 2,792,397 5,020,069 1,363,118 1,140,149
EL G-N Based + NPDES 2/3 | 30,497,266 37,009,139| 2,474,449 2,442,821 1,309,687 1,020,998
EL G-N Based + NPDES 4 29,702,574| 35,471,978| 2,418,789 2,245,627 1,270,053 947,415
EL G-N Based + NPDES4A | 30,579,430| 36,985,477 2,563,274 3,012,676 1,302,878 1,004,867
EL G-P Based + NPDES 1 26,669,570 29,935,816| 2,351,606 4,529,574 1,078,904 892,855
ELG-P Based + NPDES 2/3 | 24,765,269| 26,523,474 1,832,342 1,690,984 961,774 727,475
EL G-P Based + NPDES 4 23,444,102 22,015,671 1,751,418 1,451,439 887,507 598,926
EL G-P Based + NPDES4A | 24,738,316 25,464,356 1,964,211 2,317,621 942,930 691,810
(continued)
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Hydroregion 10 Hydroregion 11 Hydroregion 12
Scenario Nitrogen | Phosphorus| Nitrogen |Phosphorus| Nitrogen |Phosphorus
Baseline 40,099,820 40,836,641| 25,600,154 36,168,534 8,569,317| 7,100,476
ELG-N Based + NPDES1 | 35,047,977 27,128,239| 22,273,155| 19,876,732 7,802,979| 3,998,123
ELG-N Based + NPDES 2/3 | 34,410,642 25,882,539| 20,947,428 11,779,173| 7,569,115 3,163,090
ELG-N Based + NPDES4 | 33,598,475 24,765,940| 20,664,903| 11,106,648 7,469,689 2,969,936
ELG-N Based + NPDES4A | 34,124,204 25,590,376| 21,296,295 14,226,286, 7,617,912 3,337,088
ELG-P Based + NPDES 1 27,323,324 20,340,254| 17,216,542| 17,274,148| 5,610,967 3,152,360
ELG-P Based + NPDES 2/3 | 26,086,138 18,348,563| 14,788,358| 8,068,736| 5,106,571| 2,086,846
ELG-PBased + NPDES4 | 24,766,996 15,505,759| 14,240,820) 7,121,974| 4,881,911 1,808,279
EL G-P Based + NPDES4A | 25,616,054 17,425,983| 15,383,771 10,786,080/ 5,205,526/ 2,310,333
Hydroregion 13 Hydroregion 14 Hydroregion 15
Scenario Nitrogen | Phosphorus| Nitrogen | Phosphorus| Nitrogen |Phosphorus
Basdline 1,148,551 763,080 688,743 299,690| 2,742,448| 5,032,324
ELG-N Based + NPDES 1 1,041,917 419,431 651,018 213,434| 1,946,099| 1,815,867
ELG-N Based + NPDES 2/3 | 1,031,456 399,815 637,941 188,519| 1,891,446, 1,680,830
EL G-N Based + NPDES 4 1,023,727 387,139 628,745 173,041| 1,852,892 1,589,208
ELG-N Based + NPDES4A | 1,029,645 397,448 642,266 197,390/ 1,888,237 1,677,302
ELG-P Based + NPDES 1 701,710 280,558 476,915 172,853 1,284,145, 1,138,142
EL G-P Based + NPDES 2/3 678,132 251,890 447,017 136,100/ 1,189,314 957,761
EL G-P Based + NPDES 4 660,158 233,162 425,650 113,275| 1,119,386 832,792
EL G-P Based + NPDES 4A 673,632 248,325 455,995 148,767 1,172,453 946,797
Hydroregion 16 Hydroregion 17 Hydroregion 18
Scenario Nitrogen | Phosphorus| Nitrogen | Phosphorus| Nitrogen |Phosphorus
Baseline 1,853,705| 1,258,905| 12,486,325| 20,123,061 23,375,904| 60,280,257
ELG-N Based + NPDES 1 1,725,842 837,402| 10,121,134| 11,535,947| 14,796,666 25,328,278
ELG-N Based + NPDES 2/3 | 1,669,239 727,458 9,183,223| 9,092,136, 13,046,037 20,621,686
EL G-N Based + NPDES 4 1,632,574 659,580 8,549,937| 7,475,812 11,863,447 17,479,302
ELG-N Based + NPDES4A | 1,688,871 765,909| 9,559,031 10,146,436| 13,625,825 22,280,739
ELG-P Based + NPDES 1 1,287,321 674,598 7,526,058| 9,049,975 10,696,818 18,465,649
ELG-P Based + NPDES 2/3 | 1,161,109 514,372| 6,187,177| 5,937,347| 8,332,462 12,535,045
EL G-P Based + NPDES 4 1,077,434 414,050| 5,299,301, 3,867,964| 6,742,856 8,556,842
EL G-P Based + NPDES 4A 1,201,893 568,396 6,650,052| 7,232,496 8,979,309, 14,550,317
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AFO/CAFO PATHOGENS/SEDIMENT LOADINGSTO AGRICULTURAL LANDUSE CELLSBY HYDROREGION
FOR AFO/CAFO RULEMAKING SCENARIOS (JUNE/JULY 2000 DATASETYS) (1)

Hydroregion 1

Hydroregion 2

Scenario Fecal Coliforms| Fecal Streptococci Sediment Fecal Coliforms | Fecal Streptococci Sediment
Baseline 3,130,773,768 4,838,348,570 68,432,266 16,864,949,002 27,337,112,521| 649,396,499
ELG-N Based + NPDES 1 1,551,695,235 4,812,894,127 68,886,341 9,334,335,315 26,705,600,974| 651,795,695
ELG-N Based + NPDES 2/3 1,313,810,275 4,806,345,639 68,981,189 7,798,561,792 26,364,364,541| 652,485,231
ELG-N Based + NPDES 4 834,051,501 4,800,754,841 69,145,877 4,884,244,462 26,222,687,430| 653,451,369
ELG-N Based + NPDES 4A 1,709,627,064 4,805,532,744 68,847,891 10,442,301,862 26,413,819,286| 651,557,802
ELG-P Based + NPDES 1 1,358,358,619 3,686,202,255 58,255,060 8,295,940,740 21,060,742,684| 534,415,721
ELG-P Based + NPDES 2/3 1,085,765,601 3,481,998,892 51,888,259 6,526,672,688 19,530,070,845| 478,745,015
ELG-P Based + NPDES 4 534,445,723 3,071,521,367 47,892,851 3,093,828,666 16,902,145,434| 455,674,918
EL G-P Based + NPDES 4A 1,540,048,470 3,816,370,906 54,342,624 9,526,969,857 21,777,972,051| 498,876,021
Hydroregion 3 Hydroregion 4
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms | Fecal Streptococci Sediment

Baseline 15,940,296,932 37,158,331,244| 21,773,119,301 26,222,667,666 53,257,503,106| 109,059,703,886
ELG-N Based + NPDES 1 8,419,521,721 23,080,000,836| 21,315,897,660 10,660,415,924 31,078,165,597| 109,166,730,166
ELG-N Based + NPDES 2/3 4,146,000,083 14,221,556,587| 21,102,169,921 8,927,892,192 29,363,949,705| 109,189,399,445
ELG-N Based + NPDES 4 3,456,491,422 13,541,621,340, 21,091,277,906 6,744,474,379 28,040,900,775| 109,200,978,626
ELG-N Based + NPDES 4A 5,487,192,820 16,448,363,225 21,138,441,020 9,744,825,197 28,384,082,874| 109,192,872,526
ELG-P Based + NPDES 1 8,202,539,149 21,273,798,143| 18,244,965,231 9,918,598,922 26,617,485,444| 85,273,223,837
ELG-P Based + NPDES 2/3 3,874,762,031 12,095,775,111| 16,486,307,441 7,973,346,727 23,993,383,726| 78,642,093,304
EL G-P Based + NPDES 4 3,113,258,929 11,032,245,076| 16,332,686,726 5,502,326,121 21,100,459,319| 75,279,782,502
EL G-P Based + NPDES 4A 5,270,094,417 14,651,370,560  16,852,331,855 8,969,903,554 24,023,833,422 78,417,630,238
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Hydroregion 5

Hydroregion 6

Scenario Fecal Coliforms Fecal Streptococci Sediment Fecal Coliforms | Fecal Streptococci Sediment
Baseline 30,652,519,535 72,032,681,751| 176,151,838,620 3,715,542,529 6,761,917,796| 2,165,993,059
ELG-N Based + NPDES 1 11,440,568,299 33,623,228,012| 176,340,236,604 2,038,179,495 5,549,980,996| 2,124,418,291
ELG-N Based + NPDES 2/3 9,434,416,570 30,318,582,820| 176,374,733,317 1,350,460,436 4,482,731,060|  2,099,889,822
ELG-N Based + NPDES 4 7,653,125,537 27,978,139,390| 176,394,495,037 926,746,616 4,421,534,561| 2,098,872,818
ELG-N Based + NPDES 4A 9,338,131,832 28,664,030,038| 176,381,404,107 1,874,185,608 4,853,346,404| 2,106,413,661
ELG-P Based + NPDES 1 11,046,493,574 30,858,548,212| 136,909,476,135 1,886,323,126 4,670,566,370|  1,852,570,771
ELG-P Based + NPDES 2/3 8,855,106,820 26,945,229,339| 127,793,784,817 1,166,284,733 3,422,302,235| 1,647,543,263
ELG-P Based + NPDES4 6,857,088,532 23,538,157,216| 122,813,104,864 678,800,259 3,020,084,529 1,632,900,180
EL G-P Based + NPDES 4A 8,823,765,075 25,668,930,954 | 126,685,746,080 1,740,864,080 4,096,064,720|  1,713,614,614
Hydroregion 7 Hydroregion 8
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms | Fecal Streptococci Sediment

Baseline 31,279,626,159 97,905,938,042| 197,290,990,889 2,414,516,015 5,616,814,110|  8,241,208,967
ELG-N Based + NPDES 1 13,106,326,913 60,470,478,996| 197,469,515,255 1,227,563,008 3,131,862,598|  8,200,033,637
ELG-N Based + NPDES 2/3 10,239,650,395 55,180,988,428| 197,519,407,046 586,891,624 1,759,568,347|  8,177,619,963
ELG-N Based + NPDES 4 8,866,629,075 52,974,953,330| 197,538,683,974 516,088,831 1,648,277,517| 8,176,443,835
ELG-N Based + NPDES 4A 10,447,816,760 55,053,734,693| 197,517,570,151 764,209,041 2,104,193,442|  8,182,240,564
ELG-P Based + NPDES 1 12,530,912,916 53,218,075,832| 154,808,054,262 1,195,654,080 2,953,938,184| 6,084,765,754
ELG-P Based + NPDES 2/3 9,430,038,899 46,996,382,217| 141,126,708,001 544,636,113 1,543,226,343|  5,486,898,606
ELG-P Based + NPDES 4 7,874,775,956 42,912,340,403| 135,122,982,086 466,986,722 1,401,110,042| 5,416,726,083
ELG-P Based + NPDES 4A 9,685,667,862 46,653,838,755| 142,222 886,126 726,855,502 19147728421  5595,688,172
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Hydroregion 9

Hydroregion 10

Scenario Fecal Coliforms Fecal Streptococci Sediment Fecal Coliforms | Fecal Streptococci Sediment
Baseline 2,461,367,949 5,631,243,822| 16,508,187,152 24,230,347,816 62,433,946,477 | 111,990,908,542
ELG-N Based + NPDES 1 862,346,770 2,230,583,942| 16,524,789,890 11,181,392,740 38,959,703,829| 112,093,636,978
ELG-N Based + NPDES 2/3 725,171,884 1,995,416,552| 16,528,258,916 9,566,340,466 36,475,942,830| 112,120,360,953
ELG-N Based + NPDES 4 622,692,775 1,806,896,758| 16,530,078,753 8,654,827,975 35,300,484,519| 112,130,875,994
ELG-N Based + NPDES 4A 660,753,551 1,821,273,789| 16,528,798,853 9,531,255,343 35,898,279,028| 112,120,364,436
ELG-P Based + NPDES 1 844,572,754 2,132,600,376| 12,870,499,790 10,056,281,179 33,719,438,798| 86,573,801,110
ELG-P Based + NPDES 2/3 693,133,992 1,862,303,902| 11,887,952,502 8,273,866,625 30,524,103,847| 79,099,657,620
ELG-P Based + NPDES 4 581,584,891 1,634,315,673| 11,397,784,347 7,215,463,795 28,166,706,661| 75,798,601,410
ELG-P Based + NPDES 4A 629,362,452 1,687,806,757| 11,816,823,384 8,262,509,013 29,885,643,046| 79,397,933,789
Hydroregion 11 Hydroregion 12
Scenario Fecal Coliforms Fecal Streptococci Sediment Fecal Coliforms | Fecal Streptococci Sediment

Baseline 19,760,789,321 40,477,420,482| 79,320,534,230 9,051,840,356 14,517,524,334 591,362,170
ELG-N Based + NPDES 1 10,588,963,647 23,557,855,003| 79,288,225,204 4,664,615,701 13,720,995,247 591,101,792
ELG-N Based + NPDES 2/3 6,628,516,506 16,211,658,809| 79,252,798,938 3,720,511,237 13,607,737,545 590,001,300
ELG-N Based + NPDES 4 5,933,981,706 15,464,714,829| 79,255,183,659 3,178,836,215 13,598,303,236 590,255,641
ELG-N Based + NPDES 4A 8,042,318,632 18,562,361,897| 79,264,460,402 4,205,825,732 13,639,288,899 590,215,370
ELG-P Based + NPDES 1 9,975,825,165 21,939,560,299| 60,450,881,637 4,015,112,589 10,768,445,913 471,393,721
ELG-P Based + NPDES 2/3 5,829,348,502 13,876,282,734| 53,534,185,014 2,922,373,592 9,800,227,992 431,765,388
ELG-P Based + NPDES 4 5,052,552,012 12,730,386,511| 52,096,973,819 2,290,815,321 9,277,442,922 421,631,660
ELG-P Based + NPDES 4A 7,322,980,054 16,579,977,343| 55,379,547,165 3,484,466,777 10,282,250,661 444,125,183
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Hydroregion 13

Hydroregion 14

Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms | Streptococci Sediment
Basdline 2,298,065,359 3,509,312,488 62,901,756 528,587,304 856,535,243 23,946,920
ELG-N Based + NPDES 1 800,405,941 3,428,458,939 63,507,014 369,771,507 788,304,159 24,046,168
EL G-N Based + NPDES 2/3 735,087,330 3,428,175,391 63,543,227 279,617,004 787,966,922 24,096,567
ELG-N Based + NPDES 4 695,003,374 3,427,437,145 63,565,413 224,930,507 787,088,898 24,127,022
EL G-N Based + NPDES 4A 740,270,470 3,428,002,050 63,540,664 334,181,196 787,950,898 24,067,495
ELG-P Based + NPDES 1 603,132,905 2,382,414,307 45,152,376 337,798,620 690,113,055 20,027,411
ELG-P Based + NPDES 2/3 527,057,945 2,319,893,452 44,186,695 232,808,620 603,868,459 18,624,585
ELG-P Based + NPDES 4 480,210,025 2,281,158,495 43,571,062 168,932,457 551,133,042 17,794,270
EL G-P Based + NPDES 4A 533,038,798 2,324,739,648 44,222 479 296,280,123 655,960,308 19,310,457
Hydroregion 15 Hydroregion 16
Scenario Fecal Coliforms Fecal Streptococci Sediment Fecal Coliforms | Fecal Streptococci Sediment

Baseline 2,574,345,247 3,934,601,954 78,833,236 2,424,621,397 4,157,359,338 98,005,451
ELG-N Based + NPDES 1 935,283,186 3,818,901,927 79,454,053 1,498,032,422 4,017,996,921 98,424,328
ELG-N Based + NPDES 2/3 852,170,887 3,818,263,560 79,498,778 1,098,914,314 4,017,330,259 98,643,767
ELG-N Based + NPDES 4 800,955,150 3,816,805,442 79,524,893 859,368,749 4,015,599,822 98,773,621
ELG-N Based + NPDES 4A 865,866,980 3,817,936,727 79,490,684 1,332,205,475 4,017,272,940 98,517,267
ELG-P Based + NPDES 1 696,919,282 2,660,693,260 57,659,770 1,355,671,173 3,360,300,809 80,810,393
ELG-P Based + NPDES 2/3 599,719,474 2,580,550,972 56,425,400 891,143,989 2,978,902,125 75,058,099
ELG-P Based + NPDES 4 539,062,202 2,529,917,179 55,555,833 611,955,214 2,749,013,965 71,469,805
EL G-P Based + NPDES 4A 615,498,782 2,593,342,794 56,536,050 1,162,511,698 3,201,511,782 77,899,988
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Hydroregion 17

Hydroregion 18

Scenario Fecal Coliforms Fecal Streptococci Sediment Fecal Coliforms | Fecal Streptococci Sediment
Baseline 7,638,997,788 11,212,041,222 297,575,222 2,864,030,485 3,267,321,728 185,032,155
ELG-N Based + NPDES 1 4,033,375,457 10,099,812,118 298,744,053 1,678,002,107 2,287,023,103 185,033,001
ELG-N Based + NPDES 2/3 3,481,933,166 10,090,753,270 299,031,468 1,636,594,889 2,278,935,171 185,033,012
ELG-N Based + NPDES 4 3,137,725,619 10,071,196,287 299,203,353 1,598,263,065 2,262,066,616 185,033,018
ELG-N Based + NPDES 4A 3,760,245,141 10,086,561,735 298,884,405 1,651,017,206 2,273,506,557 185,033,014
ELG-P Based + NPDES 1 2,984,778,410 7,407,065,060 231,003,732 898,241,727 1,261,654,912 142,888,429
ELG-P Based + NPDES 2/3 2,334,510,290 6,866,902,287 222,853,073 841,161,069 1,206,953,429 141,184,260
ELG-P Based + NPDES4 1,916,003,199 6,510,958,279 217,243,749 778,982,800 1,143,214,405 139,447,953
ELG-P Based + NPDES 4A 2,654,641,923 7,128,104,490 226,498,471 852,942,918 1,215,314,040 141,637,664

D-7




Appendix E

AFO/CAFO NUTRIENT LOADINGS (KILOGRAMS) TO RF3 REACHESBY
HYDROREGION FOR AFO/CAFO RULEMAKING SCENARIOS (JUNE 2000
DATASETS) (1)

Hydroregion 1

Hydroregion 2

Hydroregion 3

Scenario Nitrogen | Phosphorus | Nitrogen | Phosphorus| Nitrogen | Phosphorus
Baseline 890,115, 1,069,600| 7,183,220| 10,632,164 24,700,786 73,570,254
ELG-N Based + NPDES 1 765,628 678,706 | 6,379,560 6,662,171| 22,155459| 36,178,638
ELG-N Based + NPDES 2/3 716,251 586,782| 5,750,044 | 4,893,468| 19,732,734 17,813,153
ELG-N Based + NPDES 4 644,553 476,342 | 5,274,116| 4,193,663 19,356,601 16,510,307
EL G-N Based + NPDES 4A 751,270 632,211| 6,068,869 5,512,523 20,407,169 21,507,004
ELG-P Based + NPDES 1 639,977 580,537| 5,295,878 | 5,711,592| 18,660,885 32,518,878
ELG-P Based + NPDES 2/3 530,069 433,968 | 4,147,942| 3,428,766| 14,586,578 12,206,350
ELG-P Based + NPDES 4 407,473 283,500| 3,340,914 | 2,483,014| 13,958,464| 10,601,853
EL G-P Based + NPDES 4A 585,682 494560 4,624,684 4,187,348 15582515 16,294,254
Hydroregion 4 Hydroregion 5 Hydroregion 6
Scenario Nitrogen | Phosphorus| Nitrogen | Phosphorus| Nitrogen | Phosphorus

Baseline 10,896,247| 10,907,718|21,013,228| 26,232,617| 2,735,316 7,842,110
ELG-N Based + NPDES 1 8,213,845/ 5,708,785|14,991,390| 12,241,366| 2,431,383 4,185,303
ELG-N Based + NPDES 2/3| 7,728,047 5,031,820(14,462,419| 11,177,333| 2,118,763 1,921,756
ELG-N Based + NPDES 4 7,222,527 4,414,568|14,065,392| 10,464,936| 2,046,899 1,739,029
ELG-N Based + NPDES4A | 7,880,845 5,171,975|14,462,515| 11,108,108 2,239,900 2,594,150
ELG-P Based + NPDES 1 6,733,721 4,590,487|12,044,239| 9,509,322| 2,099,248 3,852,961
ELG-PBased + NPDES2/3 | 5,870,625| 3,683,321/10,894,943| 7,985,332| 1,581,428 1,348,383
ELG-P Based + NPDES 4 5,113,840, 2,757,177|10,098,445| 6,559,392| 1,466,935 1,127,399
ELG-PBased + NPDES4A | 6,018675  3,777,776/110,789,039| 7,687,559 1,771,346 2,099,620
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Hydroregion 7 Hydroregion 8 Hydroregion 9

Scenario Nitrogen | Phosphorus| Nitrogen | Phosphorus | Nitrogen |Phosphorus

Baseline 35,774,260 41,106,268 2,706,627 5,045,067 1,557,243 903,905
ELG-N Based + NPDES1 | 29,760,297| 28,034,235, 2,335,906 2,477,837 1,103,216 374,974
ELG-N Based + NPDES 2/3 | 28,826,095| 26,540,791| 2,071,939 1,220,011| 1,060,372 334,194
ELG-N Based + NPDES4 | 28,075,676| 25,450,639, 2,026,086 1,123,484 1,029,091 309,283
ELG-N Based + NPDES4 A| 28,904,285, 26,534,797| 2,148,743 1,503,400, 1,053,630 326,524
ELG-P Based + NPDES 1 25,212,619| 21,422,966| 1,965,791 2,227,592 871,072 297,723
ELG-P Based + NPDES 2/3 | 23,424,432| 19,026,309, 1,534,367 842,021 776,256 240,868
ELG-PBased + NPDES4 | 22,178,747| 15,791,619, 1,467,219 725,455 716,591 196,826
ELG-P Based + NPDES4 A | 23401,130 18,276,195 1,648,366 1,154,614 758,730 225,604

Hydroregion 10 Hydroregion 11 Hydroregion 12

Scenario Nitrogen | Phosphorus| Nitrogen | Phosphorus | Nitrogen |Phosphorus

Baseline 36,004,483 | 24,746,479| 21,895,647 26,784,616| 6,854,107| 4,307,310
ELG-N Based + NPDES1 | 31,382,488, 16,487,082| 18,965,925| 14,536,057 6,206,892 2,336,955
ELG-N Based + NPDES 2/3 | 30,794,072| 15,632,285| 17,761,337 7,968,998 5,989,027| 1,728,817
ELG-N Based + NPDES4 | 30,066,900, 14,964,183| 17,530,921 7,493,195 5,899,300/ 1,607,066
ELG-N Based + NPDES4 A| 30,544,813| 15,493,464 | 18,093,245 9,991,183| 6,037,421| 1,856,528
ELG-P Based + NPDES 1 24547,474| 12,406,318| 14,773,945| 12,863,936| 4,498,352| 1,892,455
ELG-P Based + NPDES 2/3 | 23,399,112| 11,068,206| 12,582,962 5,444,484| 4,029,089| 1,124,539
ELG-PBased + NPDES4 | 22,211,677 9,337,710| 12,132,187 4,781,920| 3,826,963 949,942
ELG-PBased + NPDES4 A | 22988192 10,556,436 13,140,816 7,687,125 4128372 1,288,270
(continued)



Hydroregion 13 Hydroregion 14 Hydroregion 15

Scenario Nitrogen | Phosphorus| Nitrogen | Phosphorus | Nitrogen |Phosphorus
Baseline 870,919 187,473 668,128 221,989| 2,170,763| 1,387,006
EL G-N Based + NPDES 1 785,470 102,923 631,517 157,272| 1,546,132 497,999
EL G-N Based + NPDES 2/3 776,304 96,735 618,818 139,283| 1,501,215 456,881
EL G-N Based + NPDES 4 769,597 92,727 609,879 128,054| 1,469,512 428,719
ELG-N Based + NPDES4 A 774,852 96,260 622,990 144,861| 1,497,575 450,861
ELG-P Based + NPDES 1 526,168 69,745 462,749 127,302 1,022,050 313,412
EL G-P Based + NPDES 2/3 505,592 60,686 433,703 100,707 945,440 259,802
EL G-P Based + NPDES 4 490,193 54,834 412,923 84,103 889,079 222,234
ELG-P Based + NPDES4 A 502,049 60,026 442,356 108,646 931,310 250,623

Hydroregion 16 Hydroregion 17 Hydroregion 18

Scenario Nitrogen | Phosphorus| Nitrogen | Phosphorus | Nitrogen |Phosphorus
Baseline 1,555,532 623,984 | 11,490,376| 12,159,860| 18,205,107| 26,650,655
ELG-N Based + NPDES 1 1,458,651 438,211| 9,292,921 6,954,874 | 11,263,808 11,390,137
ELG-N Based + NPDES 2/3| 1,407,528 373,807 8,410,564 5,304,166 9,755,969| 9,094,694
ELG-N Based + NPDES 4 1,374,768 334,107 7,816,325 4,217,101| 8,742,995| 7,561,347
ELG-N Based + NPDES4 A | 1,425,247 396,997 8,770,613 6,044,676| 10,285,454 9,970,205
ELG-P Based + NPDES 1 1,096,273 361,679 6,915,098 5,618,262 8,224,230/ 8,508,015
ELG-P Based + NPDES 2/3 982,003 268,166 5,657,923 3,527,039 6,203,404| 5,621,693
ELG-P Based + NPDES 4 907,129 209,718 4,827,693 2,148,573 4,850,541| 3,687,293
ELG-PBased + NPDES4A | 1,019,173 301,133| 6,102,615 4,440,602| 6,802,720/ 6,689,010




AFO/CAFO PATHOGENS/SEDIMENT LOADINGS TO RF3 REACHESBY HYDROREGION FOR AFO/CAFO
RULEMAKING SCENARIOS (JUNE 2000 DATASETS) (1)

Hydroregion 1

Hydroregion 2

Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms | Fecal Streptococci Sediment
Baseline 2,987,248,253 4,787,586,856 59,081,807 |  15,711,719,270 26,901,715,639 547,134,003
ELG-N Based + NPDES 1 1,486,590,478 4,762,420,257 59,473,337 8,697,848,434 26,278,493,182 549,136,301
ELG-N Based + NPDES 2/3 1,258,078,330 4,755,947,956 59,556,411 7,265,814,895 25,942,401,942 549,715,618
ELG-N Based + NPDES 4 797,151,490 4,750,424,752 59,700,935 4,547,922,340 25,804,863,980 550,523,993
ELG-N Based + NPDES 4 A 1,638,205,946 4,755,155,037 59,440,336 9,731,869,730 25,991,577,588 548,942,383
ELG-P Based + NPDES 1 1,302,398,199 3,648,461,824 50,343,513 7,730,252,745 20,726,609,221 450,184,194
ELG-P Based + NPDES 2/3 1,040,546,575 3,446,149,312 44,807,873 6,080,982,488 19,219,280,449 403,224,806
ELG-P Based + NPDES 4 510,879,598 3,039,448,566 41,335,905 2,881,583,006 16,634,541,456 383,884,231
ELG-P Based + NPDES4 A 1,476,814,122 3,777,438,468 46,998,380 8,879,909,821 21,439,366,681 420,097,500
Hydroregion 3 Hydroregion 4
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms | Fecal Streptococci Sediment

Baseline 14,039,033,020 35,753,102,368 17,673,702,680| 19,390,846,009 43,097,143,906| 53,839,001,254
ELG-N Based + NPDES 1 7,480,356,729 22,396,444,492 17,302,906,569| 8,288,074,099 27,294,948,219| 53,887,922,182
ELG-N Based + NPDES 2/3 3,690,300,020 13,843,188,130 17,126,261,352|  6,936,079,071 26,027,691,382| 53,900,321,887
ELG-N Based + NPDES 4 3,061,912,684 13,195,708,961 17,117,435,668,  5,107,081,945 25,099,201,457| 53,905,865,551
ELG-N Based + NPDES4 A 4,899,632,113 15,995,524,846 17,156,401,019, 7,856,256,789 25,355,464,652| 53,901,390,397
ELG-P Based + NPDES 1 7,279,320,973 20,623,083,832 14,824,096,303|  7,612,070,719 22,979,159,597| 42,301,723,753
ELG-P Based + NPDES 2/3 3,439,500,532 11,757,035,808 13,376,360,450|  6,081,054,679 20,849,646,802| 38,518,201,587
ELG-P Based + NPDES 4 2,743,461,620 10,730,027,645 13,253,896,337|  3,995,715,068 18,415,075,147| 36,769,426,808
ELG-P Based + NPDES4 A 4,699,232,891 14,234,420,207 13,680,568,981,  7,171,926,957 21,177,388,281| 38,597,403,701
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Hydroregion 5

Hydroregion 6

Fecal Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Coliforms Streptococci Sediment
Baseline 27,837,269,197 70,588,993,783 141,187,103,859| 3,359,714,938| 6,417,744,922| 1,832,257,275
ELG-N Based + NPDES 1 10,410,834,680 32,948,069,123 141,337,943,789| 1,826,723,744| 5,227,840,597| 1,797,009,312
EL G-N Based + NPDES 2/3 8,587,902,200 29,714,370,636 141,365,640,019| 1,204,526,005| 4,182,650,954| 1,776,410,197
ELG-N Based + NPDES 4 6,958,193,323 27,425,075,789 141,381,512,024 832,875,613| 4,122,492,654| 1,775,544,725
ELG-N Based + NPDES 4 A 8,520,727,598 28,098,764,892 141,370,827,737| 1,666,050,028| 4,545,973,983|  1,781,895,006
ELG-P Based + NPDES 1 10,048,729,514 30,236,542,416 109,724,171,734| 1,690,402,840| 4,406,016,644| 1,566,516,929
ELG-P Based + NPDES 2/3 8,056,067,295 26,404,905,850 102,402,649,172| 1,039,837,725| 3,194,710,145  1,394,708,243
ELG-P Based + NPDES 4 6,226,229,606 23,067,983,967 98,403,109,130 612,208,808, 2,823,528,960|  1,382,315,055
ELG-P Based + NPDES4 A 8,049,895,408 25,164,798,806 101,565,725,036] 1,545,553,032|  3,829,555,972|  1,449,908,377
Hydroregion 7 Hydroregion 8
Fecal Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Coliforms Streptococci Sediment

Baseline 27,421,126,172 95,293,976,612 136,399,945,502| 1,471,659,212| 5154,909,341| 3,921,192,647
ELG-N Based + NPDES 1 11,504,237,962 58,935,357,752 136,523,097,817 744,242,332|  2,877,425,204|  3,899,710,517
ELG-N Based + NPDES 2/3 8,998,466,884 53,800,483,028 136,557,405,901 361,517,907| 1,623,230,530|  3,888,615,528
ELG-N Based + NPDES 4 7,798,589,927 51,663,633,985 136,570,434,524 314,610,636| 1,520,157,396| 3,888,057,859
ELG-N Based + NPDES 4 A 8,510,545,540 45,479,028,462 98,348,196,974 457,198,001| 1,769,982,911| 2,692,832,121
ELG-P Based + NPDES 1 10,989,080,775 51,849,404,813 106,906,749,853 724,138,576 2,712,337,503|  2,894,258,391
ELG-P Based + NPDES 2/3 8,277,601,144 45,806,364,487 97,468,225,430 335,213,045| 1,422,690,547| 2,622,034,924
ELG-P Based + NPDES 4 6,916,338,798 41,836,361,434 93,345,938,319 284,018,023| 1,290,676,191| 2,584,016,214
ELG-P Based + NPDES4 A 9,188,691,110 53,683,706,583 136,555,757,704 479,555/466]  1,944.819,019|  3,890,788,952

(continued)




Hydroregion 9

Hydroregion 10

Fecal Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Coliforms Streptococci Sediment
Baseline 1,800,030,864 5,143,475,224 6,130,884,752| 21,053,037,831| 59,844,309,911| 76,227,475,134
ELG-N Based + NPDES 1 620,979,796 2,010,162,019 6,137,224,604| 9,630,630,124| 37,258,049,710| 76,295,359,619
ELG-N Based + NPDES 2/3 522,872,295 1,795,010,033 6,138,449,494| 8,174,067,858 34,834,621,380| 76,314,596,697
ELG-N Based + NPDES 4 448,890,692 1,622,009,826 6,139,121,835| 7,374,416,935| 33,696,607,052| 76,321,874,913
ELG-N Based + NPDES4 A 472,282,417 1,634,125,937 6,138,753,804| 8,148,946,349| 34,280,921,744| 76,313,691,970
ELG-P Based + NPDES 1 609,522,030 1,927,460,252 4,767,454,716| 8,702,993,845| 32,276,595,091| 58,772,782,843
ELG-P Based + NPDES 2/3 501,539,581 1,681,174,667 4,424,728,544| 7,097,971,557| 29,173,274,678| 53,394,960,138
ELG-P Based + NPDES 4 421,286,026 1,473,649,347 4,247,639,779| 6,171,499,227| 26,903,958,761| 51,144,270,571
ELG-P Based + NPDES4 A 450,902,095 1,519,545,022 4,370,308,998| 7,094,936,223| 28,562,481,931| 53,811,556,535
Hydroregion 11 Hydroregion 12
Fecal Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Coliforms Streptococci Sediment

Baseline 15,598,938,921 36,575,826,127 58,385,155,613| 6,227,090,601| 12,789,181,562 369,226,752
ELG-N Based + NPDES 1 8,168,749,492 20,636,979,547 58,349,829,970| 3,315,980,379| 12,112,924,147 368,287,075
ELG-N Based + NPDES 2/3 4,891,175,797 13,553,060,766 58,316,185,124| 2,552,383,828| 12,002,027,455 367,312,424
ELG-N Based + NPDES 4 4,407,481,809 12,829,063,446 58,317,691,009| 2,117,601,467| 11,993,362,848 367,457,296
ELG-N Based + NPDES4 A 6,018,380,722 15,842,421,878 58,326,655,917| 2,956,564,539| 12,033,308,936 367,506,485
ELG-P Based + NPDES 1 7,766,198,374 19,354,418,225 44,587,842,932| 2,897,723,767|  9,600,492,069 297,407,075
ELG-P Based + NPDES 2/3 4,362,350,481 11,800,270,561 39,477,395,351| 2,014,385,945  8,677,121,710 268,544,737
ELG-P Based + NPDES 4 3,829,019,408 10,826,495,320 38,388,901,880| 1,507,700,787|  8,181,247,952 262,068,269
ELG-P Based + NPDES4 A 5,537,863,982 14,291,083,087 40,901,555,219| 2,482,631,688  9,147,188,590 277,382,501

(continued)



Hydroregion 13

Hydroregion 14

Fecal Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Coliforms Streptococci Sediment
Baseline 1,729,911,770 3,226,248,233 15,563,247 504,893,377 842,227,160 17,589,768
ELG-N Based + NPDES 1 594,187,333 3,166,690,382 15,714,577 354,820,446 775,122,097 17,658,383
ELG-N Based + NPDES 2/3 543,133,260 3,166,438,686 15,726,043 268,129,610 774,788,484 17,694,378
ELG-N Based + NPDES 4 511,931,855 3,165,783,371 15,733,157 215,533,321 773,919,894 17,716,174
ELG-N Based + NPDES 4 A 548,633,767 3,166,265,944 15,724,683 320,441,294 774,772,296 17,675,150
ELG-P Based + NPDES 1 446,669,308 2,195,806,116 11,205,782 324,378,538 679,079,337 14,736,001
ELG-P Based + NPDES 2/3 387,210,304 2,136,806,879 10,892,377 223,421,162 593,987,600 13,722,541
ELG-P Based + NPDES 4 350,749,431 2,100,442,941 10,699,420 161,984,430 541,952,345 13,119,474
ELG-P Based + NPDES4 A 393,576,437 2,141,796,341 10,924,784 284,272,140 645,338,321 14,171,720
Hydroregion 15 Hydroregion 16
Fecal Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Coliforms Streptococci Sediment

Baseline 1,727,056,001 3,450,500,366 21,502,154| 2,022,280,634| 3,724,746,558 50,759,430
ELG-N Based + NPDES 1 627,428,127 3,347,336,283 21,664,343 1,292,185,550|  3,603,822,297 50,957,088
ELG-N Based + NPDES 2/3 573,162,549 3,346,749,897 21,674,542 933,660,516|  3,603,259,473 51,089,470
ELG-N Based + NPDES 4 539,766,362 3,345,410,863 21,680,358 718,750,240,  3,601,796,287 51,168,426
ELG-N Based + NPDES 4 A 580,862,182 3,346,443,814 21,675,532 1,138,274,414|  3,603,253,946 51,014,351
ELG-P Based + NPDES 1 463,873,008 2,330,149,161 15,729,860, 1,179,182,625|  3,045,543,959 42,425,506
ELG-P Based + NPDES 2/3 400,398,367 2,259,917,706 15,423,535 761,927,209| 2,684,769,173 39,091,897
ELG-P Based + NPDES 4 360,821,383 2,215,494,402 15,186,502 511,508,059| 2,467,679,511 36,997,568
ELG-P Based + NPDES4 A 409,165,025 2,270,213,980 15,352,166 999,948,198  2,890,979,620 40,844 452

(continued)



Hydroregion 17

Hydroregion 18

Fecal Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Coliforms Streptococci Sediment
Baseline 6,637,138,275 10,689,142,845 116,550,819, 1,371,947,377| 1,816,700,320 55,405,028
ELG-N Based + NPDES 1 3,497,274,929 9,633,406,627 116,962,593 770,633,058  1,354,010,165 55,405,256
ELG-N Based + NPDES 2/3 3,018,823,650 9,624,802,703 117,070,367 738,993,674  1,348,769,462 55,405,256
ELG-N Based + NPDES 4 2,719,904,545 9,606,228,295 117,134,935 711,845,823|  1,337,840,538 55,405,256
ELG-N Based + NPDES 4 A 3,262,358,292 9,621,160,429 117,016,380 753,853,085  1,347,484,319 55,405,256
ELG-P Based + NPDES 1 2,588,613,360 7,064,225,371 90,963,745 431,036,167 781,392,900 43,093,568
ELG-P Based + NPDES 2/3 2,024,279,475 6,549,656,868 87,660,215 388,984,174 736,633,673 42,324,421
ELG-P Based + NPDES 4 1,660,597,771 6,210,634,151 85,364,088 347,336,751 688,779,878 41,615,847
ELG-P Based + NPDES4 A 2,304,880,843 6,800,010,056 89,165,604 405,404,527 752,585,377 42,652,248

(1) AFO/CAFO loadings to RF3 reaches (to RF1 reaches for Hydroregions 8 and 17) (overland routed from agricultural land-use cells to reaches)




Appendix F

NON-POINT SOURCES (NON-MANURE) AND POINT SOURCES (NON-CAFQS)
NUTRIENT LOADINGS (KILOGRAMS) TO RF1 SUBSET OF RF3 REACHESFOR
AFO/CAFO RULEMAKING SCENARIOS

Non-Point Sour ces

(non-manure)

Point Sour ces
(non-CAFOs)

Hydroregion Nitrogen Phosphorus Nitrogen Phosphorus

1 254,280,226 4,812,221 33,723,111 7,112,369

2 214,896,123 11,986,099 155,225,579 38,267,257

3 303,697,596 23,596,204 62,337,926 17,189,424

4 193,692,210 11,233,342 126,427,955 45,772,516

5 384,692,513 24,858,336 59,641,272 13,084,824

6 55,813,001 4,403,812 16,560,268 2,762,486

7 576,071,151 41,223,038 49,775,590 13,269,766

8 207,364,132 13,722,593 27,833,261 4,807,287

9 69,283,194 5,333,376 1,213,234 231,305

10 573,132,496 49,720,669 32,998,927 12,429,045

11 253,226,368 19,924,910 15,615,096 4,043,503

12 173,333,169 15,991,499 38,236,960 6,795,278

13 76,750,065 7,367,002 3,498,695 684,821

14 85,959,274 7,303,053 1,697,327 536,218

15 96,394,425 9,780,236 3,763,931 651,669

16 61,578,014 5,982,314 4,578,770 1,679,974

17 302,628,732 22,393,322 10,748,949 2,471,298

18 119,222,887 9,684,904 37,750,008 8,603,289

Totas 4,002,015,576 289,316,930 681,626,859 180,392,329




Appendix G

HYDROREGION NUTRIENT LOADINGS (KILOGRAMYS) FOR AFO/CAFO
RULEMAKING SCENARIOS (1)

Scenario

Hydroregion 1

Hydroregion 2

Hydroregion 3

Nitrogen

Phosphorus

Nitrogen

Phosphorus

Nitrogen

Phosphorus

Baseline

ELG-N Based + NPDES 1
ELG-N Based + NPDES 2/3
ELG-N Based + NPDES 4
ELG-N Based + NPDES4 A

ELG-P Based + NPDES 1
ELG-P Based + NPDES 2/3
ELG-P Based + NPDES 4
ELG-PBased + NPDES4 A

288,793,742

288,708,547
288,659,923
288,594,772
288,244,776

288,600,360
288,517,450
288,377,112
288,193,692

13,120,206

12,765,731
12,660,431
12,430,440
12,130,840

12,669,025
12,533,939
12,224,570
12,086,828

376,873,340

376,324,745
375,940,365
375,245,362
371,870,472

375,308,512
374,657,198
373,357,311
371,456,883

61,314,068

58,125,778
57,303,748
54,965,592
51,807,205

57,099,085
56,048,575
53,031,754
51,432,165

489,359,092

488,493,232
488,007,050
486,239,532
369,407,294

469,625,888
467,591,561
456,018,152
368,616,349

127,619,080

103,359,236
100,676,400
85,476,727
44,186,293

95,370,998
92,001,192
72,457,792
43,358,447

Scenario

Hydroregion 4

Hydroregion 5

Hydroregion 6

Nitrogen

Phosphorus

Nitrogen

Phosphorus

Nitrogen

Phosphorus

Baseline

ELG-N Based + NPDES 1
ELG-N Based + NPDES 2/3
ELG-N Based + NPDES 4
ELG-N Based + NPDES4 A

ELG-P Based + NPDES 1
ELG-P Based + NPDES 2/3
ELG-P Based + NPDES 4
ELG-P Based + NPDES4 A

334,126,873

332,475,090
332,136,138
331,351,160
321,759,164

329,253,315
328,538,841
326,303,723
321,366,791

71,264,884

65,785,170
65,103,911
62,913,125
58,063,044

64,286,497
63,442,934
60,588,351
57,776,009

468,404,939

465,304,105
465,017,874
463,857,272
447,648,492

459,319,495
458,591,237
455,009,206
446,814,350

63,953,272

53,716,530
53,021,248
49,371,043
40,572,351

50,753,083
49,845,790
44,952,269
39,749,570

87,041,802

86,918,326
86,840,726
86,578,141
72,978,966

85,175,260
84,854,623
83,136,379
72,847,896

17,375,484

15,119,473
14,696,085
12,373,254

7,863,399

14,401,578
13,866,425
10,914,814

7,722,794

Scenario

Hydroregion 7

Hydroregion 8

Hydroregion 9

Nitrogen

Phosphorus

Nitrogen

Phosphorus

Nitrogen

Phosphorus

Baseline

ELG-N Based + NPDES 1
ELG-N Based + NPDES 2/3
ELG-N Based + NPDES 4
ELG-N Based + NPDES4 A

ELG-P Based + NPDES 1
ELG-P Based + NPDES 2/3
ELG-P Based + NPDES 4
ELG-PBased + NPDES4 A

664,941,120

660,864,858
660,299,725
658,331,529
632,266,970

652,228,002
650,889,581
645,024,496
631,029,362

107,612,330

90,587,607
89,240,999
81,936,021
60,230,365

84,091,677
82,313,774
72,190,801
58,466,084

249,547,986

249,365,328
249,303,742
249,090,948
237,186,131

247,269,388
247,003,165
245,449,889
236,712,244

28,308,667

25,791,185
25,464,037
23,623,314
19,890,264

24,947,903
24,535,854
22,137,154
19,565,777

72,570,522

72,304,456
72,280,929
72,180,019
70,703,405

71,781,635
71,720,447
71,411,480
70,646,872

7,573,674

6,750,710
6,696,481
6,400,511
5,630,073

6,524,437
6,454,952
6,479,733
5,611,108

G-1

(continued)



Scenario Hydroregion 10 Hydroregion 11 Hydroregion 12
Nitrogen | Phosphorus| Nitrogen | Phosphorus| Nitrogen | Phosphorus
Baseline 646,153,513| 101,343,803/329,892,921| 64,369,556| 219,032,392| 29,200,274
ELG-N Based + NPDES 1 | 642,045,925 87,764,324/327,871,934| 54,582,567 218,337,517 26,670,471
ELG-N Based + NPDES 2/3| 641,500,487| 86,907,174/327,526,919| 53,053,149| 218,214,475 26,387,195
ELG-N Based + NPDES 4 | 640,307,357| 83,084,297|326,085,402| 44,299,578| 218,028,464 25,705,862
ELG-N Based + NPDES4 A| 616,248,408 66,287,746|274,328,335| 26,045,382| 213,828,154 23,197,920
ELG-PBased + NPDES1 | 632,206,455 82,170,850/317,935,838| 51,082,019| 216,659,419 25,915,029
ELG-P Based + NPDES 2/3| 631,145,450, 80,983,379|316,602,771| 49,117,813| 216,459,948 25,496,814
ELG-P Based + NPDES4 | 627,870,425 75,596,098/309,198,493| 37,883,466 215,983,579 24,557,442
EL G-P Based + NPDES4 A| 613,634,649 65,008,394/ 272,757,147| 25,570,627 213,112,148 23,065,338

Scenario Hydroregion 13 Hydroregion 14 Hydroregion 15
Nitrogen | Phosphorus| Nitrogen | Phosphorus| Nitrogen | Phosphorus
Baseline 80,990,020 8,827,000 88,287,591 8,145,909, 102,185,318 14,258,947
ELG-N Based + NPDES1 | 80,857,424 8,375,390 88,246,532 8,054,356/ 101,604,180 12,034,903
ELG-N Based + NPDES 2/3| 80,852,090, 8,365,814/ 88,234,617| 8,031,448 101,580,689 11,976,330
ELG-N Based + NPDES4 | 80,847,696 8,356,019 88,225,706/ 8,010,264| 101,563,018 11,932,941
ELG-N Based + NPDES4A| 80,813,380, 8,117,546/ 87,835,679 7,877,272| 101,165,589 10,753,545
ELG-P Based + NPDES 1 80,687,438|  8,258,843| 88,082,847 8,014,980, 101,100,284 11,346,951
ELG-P Based + NPDES 2/3| 80,679,222 8,244,190| 88,066,274| 7,980,112| 101,060,010, 11,255,664
ELG-P Based + NPDES 4 80,670,822| 8,229,756, 88,052,005/ 7,950,012 101,023,868 11,181,877
ELG-PBased + NPDES4 A| 80,617,949 8,092,986/ 87,783,262 7,867,341 100,780,129 10,607,044

Scenario Hydroregion 16 Hydroregion 17 Hydroregion 18
Nitrogen | Phosphorus| Nitrogen | Phosphorus| Nitrogen | Phosphorus
Baseline 67,514,286|  8,747,033/326,620,967| 43,725,085 175,299,894 62,036,744
ELG-N Based + NPDES 1 67,400,202|  8,384,196|324,918,787 36,990,181 169,971,767 40,843,100
ELG-N Based + NPDES 2/3| 67,355,094|  8,295,482/324,276,601| 35,248,730 168,982,552 38,045,507
ELG-N Based + NPDES4 | 67,324,874 8,226,881/323,828,724| 34,053,392 168,306,909 36,188,241
ELG-N Based + NPDES4A| 66,651,282  7,775,441/321,869,704| 30,730,792 161,376,214 22,384,499
ELG-P Based + NPDES 1 67,085,757  8,254,461/321,583,935 33,981,551| 165,859,555 33,802,284
ELG-P Based + NPDES 2/3| 67,026,255 8,118,306|320,497,553| 31,314,549| 164,174,901 29,526,946
ELG-P Based + NPDES 4 66,980,746)  8,016,080319,691,024| 29,452,816 162,957,850 26,610,334
ELG-PBased + NPDES4 A| 66,508,301  7,748,533/319,280,143| 29,175,049 159,914,657 21,070,727

G-2



Appendix H

AFO/CAFO NUTRIENT LOADINGS (KILOGRAMYS) TO RF1 REACHESBY

HYDROREGION FOR AFO/CAFO RULEMAKING SCENARIOS

(JUNE 2000 DATASETS)
Hydroregion 1 Hydroregion 2 Hydroregion 3
Scenario Nitrogen| Phosphorus| Nitrogen | Phosphorus | Nitrogen | Phosphorus
Baseline 282,987 359,454| 2,084,341 2,964,063 4,089,843 11,621,812
ELG-N Based + NPDES 1 242,808 218,578 1,843,178 1,876,151| 3,661,546 5,708,809
ELG-N Based + NPDES 2/3 227,816 189,821 1,670,620 1,410,005| 3,251,869 2,851,843
ELG-N Based + NPDES 4 205,177 154,142 1,515,117 1,185,295/ 3,176,032 2,613,884
ELG-N Based + NPDES4 A 241,439 206,250, 1,748,770 1,553,849| 3,371,772 3,400,665
ELG-P Based + NPDES 1 201,754 185,293 1,532,870 1,607,805 3,093,743 5,133,293
ELG-P Based + NPDES 2/3 169,343 140,725| 1,218,400 1,001,951 2,411,848 1,967,088
ELG-P Based + NPDES 4 130,541 92,256 960,625 702,468 2,291,334 1,675,859
ELG-P Based + NPDES 4 A 190,355 162,238 1,335,180 1,178,809| 2,580,827 2,572,819
Hydroregion 4 Hydroregion 5 Hydroregion 6
Scenario Nitrogen | Phosphorus| Nitrogen | Phosphorus | Nitrogen | Phosphorus

Baseline 2,278,109, 2,285,402 4,758,295 5,959,837 747,611 2,184,968}
ELG-N Based + NPDES 1 1,708,213 1,173,608 3,448,120 2,909,829 664,736 1,144,393
ELG-N Based + NPDES 2/3 | 1,603,397 1,031,051 3,323,932 2,661,248 581,886 526,726
ELG-N Based + NPDES 4 1,496,033 899,230| 3,228,393 2,491,949 563,943 480,784
ELG-N Based + NPDES4 A | 1,638,999 1,057,186 3,314,707 2,629,191 605,727 697,101
ELG-P Based + NPDES 1 1,406,737 950,152| 2,790,800 2,254,352 573,383 1,050,105
ELG-P Based + NPDES 2/3 | 1,219,125 759,177 2,522,114 1,896,459 435,848 368,009
ELG-P Based + NPDES 4 1,056,293 563,371| 2,333,310 1,555,093 407,824 312,392
ELG-PBased + NPDES4 A | 1,246,626 770,151 2,480,564 1,806,410 474,627 556,496

(continued)
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Hydroregion 7 Hydroregion 8 Hydroregion 9
Scenario Nitrogen |Phosphorus| Nitrogen | Phosphorus | Nitrogen | Phosphorus
Baseline 8,037,375 9,105,614| 2,520,817 4,677,730 295,724 157,439
ELG-N Based + NPDES 1 6,602,186/ 6,080,081 2,163,775 2,256,568 216,477 71,513
ELG-N Based + NPDES 2/3 | 6,377,406| 5,709,783 1,921,439 1,121,815 209,121 65,158
ELG-N Based + NPDES 4 6,224,786| 5,480,174| 1,878,394 1,034,260 202,668 60,813
ELG-N Based + NPDES4 A | 6,420,229| 5,737,561 1,988,738 1,360,384 206,977 65,392
ELG-P Based + NPDES 1 5,589,728 4,675,313 1,812,151 2,022,634 169,780 56,471
ELG-PBased + NPDES 2/3 | 5,154,837| 4,098,442 1,415,735 772,375 154,325 47,325
ELG-P Based + NPDES 4 4,896,831| 3,404,261 1,353,074 666,824 142,979 38,604
ELG-PBased + NPDES4A | 5182,621| 3,973,279 1,514,851 1,035,898 150,444 46,427
Hydroregion 10 Hydroregion 11 Hydroregion 12
Scenario Nitrogen |Phosphorus| Nitrogen | Phosphorus | Nitrogen | Phosphorus

Baseline 11,593,609, 6,382,850/ 6,479,081 5,596,050 2,490,977 909,624
ELG-N Based + NPDES1 |10,333,454| 4,372,292] 5,680,765 2,945,868, 2,297,062 501,078
ELG-N Based + NPDES 2/3 110,171,953 4,146,212 5,410,427 1,646,340, 2,252,733 391,337
ELG-N Based + NPDES 4 9,967,808 3,966,936/ 5,360,777 1,559,837 2,231,830 368,645
ELG-N Based + NPDES4 A |110,116,985| 4,138,032] 5,486,871 2,076,969, 2,258,025 411,143
ELG-P Based + NPDES 1 7,922,882 3,300,008 4,270,434 2,592,412 1,630,942 395,075
ELG-PBased + NPDES 2/3 | 7,595,728| 2,943,394, 3,784,650 1,119,823| 1,533,084 253,723
ELG-P Based + NPDES 4 7,246,507| 2,491,889 3,687,662 997,879 1,484,098 220,469
ELG-PBased + NPDES4 A | 7,503,226 2,858,680 3,915,683 1,602,214| 1,542,019 278,561

(continued)

H-2



Hydroregion 13 Hydroregion 14 Hydroregion 15
Scenario Nitrogen |Phosphorus| Nitrogen | Phosphorus | Nitrogen | Phosphorus
Baseline 630,737 128,247 191,559 61,671 1,526,269 1,067,146
ELG-N Based + NPDES 1 571,936 70,051 179,993 38,964, 1,043,395 360,227,
ELG-N Based + NPDES 2/3 565,358 65,772 177,577 35,937, 1,010,765 326,920
ELG-N Based + NPDES 4 560,578 63,062 175,716 34,028 987,874 304,145
ELG-N Based + NPDES4 A | 564,620 65,723 179,078 38,001 1,007,233 321,640
ELG-P Based + NPDES 1 385,792 47,454 129,068 29,591 687,980 225,734
ELG-P Based + NPDES 2/3 371,035 41,196 123,559 25,136 633,598 182,976
ELG-P Based + NPDES 4 360,106 37,256 119,220 22,336 593,832 153,194
ELG-P Based + NPDES 4 A 369,190 41,163 126,661 28,071 621,773 175,139
Hydroregion 16 Hydroregion 17 Hydroregion 18
Scenario Nitrogen |Phosphorus| Nitrogen | Phosphorus | Nitrogen | Phosphorus
Baseline 532,995 174,578| 11,118,327 11,782,332| 7,757,447 10,737,122
ELG-N Based + NPDES 1 500,227 118,973/ 9,008,160 6,767,608 4,868,752 4,790,466}
ELG-N Based + NPDES 2/3 488,565 104,962 8,147,699 5,155,429 4,159,538 3,752,066}
ELG-N Based + NPDES 4 480,993 96,235 7,568,849 4,094,123 3,685,571 3,059,772
ELG-N Based + NPDES4 A | 494,498 113,153 8,492,023 5,866,172 4,403,319 4,096,306}
ELG-P Based + NPDES 1 364,814 94,747 6,704,131 5,476,190, 3,612,946 3,667,250)
ELG-P Based + NPDES 2/3 338,660 74,349, 5,476,176 3,433,394 2,663,300 2,362,690}
ELG-P Based + NPDES 4 321,310 61,471 4,667,033 2,087,559, 2,034,965 1,491,069
ELG-P Based + NPDES 4 A 351,517 86,245 5,902,462 4,310,429| 2,941,762 2,782,534

H-3



AFO/CAFO PATHOGENS/SEDIMENT LOADINGS TO RF1 REACHESBY HYDROREGION FOR AFO/CAFO
RULEMAKING SCENARIOS (JUNE 2000 DATASETS) (1)

Hydroregion 1

Hydroregion 2

Fecal
Scenario Fecal Coliforms| Fecal Streptococci Sediment Fecal Coliforms Streptococci Sediment
Baseline 939,095,754 1,507,254,235 19,501,885 5,166,081,075 8,863,150,696 152,027,718
ELG-N Based + NPDES 1 469,326,926 1,497,435,254 19,625,437 2,884,739,441 8,729,786,418 152,681,723
ELG-N Based + NPDES 2/3 397,187,390 1,494,715,649 19,651,398 2,404,178,403 8,650,497,068 152,864,148
ELG-N Based + NPDES 4 251,579,784 1,491,989,183 19,697,065 1,473,909,348 8,620,891,064 153,141,254
ELG-N Based + NPDES 4 A 537326838 1,494,254,089 19,609,826 3,132,493,858 8,654,799,787 152,640,897
ELG-P Based + NPDES 1 411,598,457 1,149,716,245 16,500,844 2,576,131,879 6,895,667,894 125,288,133
ELG-P Based + NPDES 2/3 328,851,909 1,085,010,743 14,877,797 2,024,425,242 6,415,371,521 112,481,534
ELG-P Based + NPDES 4 161,196,363 955,160,509 13,756,191 941,155,635 5,554,306,660 106,633,268
ELG-P Based + NPDES 4 A 489812937 1,208,424,370 15,551,628 2,849,420,939 7,059,896,326 116,886,507
Hydroregion 3 Hydroregion 4
Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms Streptococci Sediment

Baseline 2,305,182,710 6,130,507,986| 2,752,669,339 4,031,409,465 8,957,603,063| 11,535,553,692
ELG-N Based + NPDES 1 1,214,765,879 3,729,291,958| 2,695,745,746 1,751,290,890 5,671,448,816| 11,545,841,587
ELG-N Based + NPDES 2/3 618,988,572 2,328,173,351| 2,668,647,926 1,454,493,228 5,351,412,207| 11,548,511,186
ELG-N Based + NPDES 4 507,243,264 2,187,457,888| 2,667,027,748 1,059,298,570 5,095,795,125| 11,549,864,735
ELG-N Based + NPDES 4 A 826,729,164 2,652,587,971| 2,672,714,087 1,658,903,336 5,142,448,451 | 11,549,231,847
ELG-P Based + NPDES 1 1,174,992,197 3,432,259,028| 2,309,084,779 1,616,466,221 4,818,712,002| 9,104,711,135
ELG-P Based + NPDES 2/3 571,024,225 1,979,858,701| 2,085,991,605 1,282,287,718 4,320,043,515, 8,298,606,726
ELG-P Based + NPDES 4 448,140,541 1,776,893,608| 2,063,407,682 834,000,904 3,756,051,676| 7,885,831,170
ELG-P Based + NPDES4 A 791,411,998 2,383,526,142| 2,125,821 846 1,526,559,037 4,349,887,428 8,200,310,541

(continued)



Hydroregion 5

Hydroregion 6

Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms Streptococci Sediment
Baseline 6,138,582,042 15,722,380,213| 30,073,770,455 829,417,477 1,605,581,428 521,367,462
ELG-N Based + NPDES 1 2,360,976,052 7,782,122,822| 30,105,480,949 438,299,983 1,255,845,266 511,202,880,
ELG-N Based + NPDES 2/3 1,949,035,456 7,073,860,717| 30,111,463,496 278,160,402 964,281,744 505,401,497,
ELG-N Based + NPDES 4 1,556,438,944 6,582,025,656| 30,114,906,792 200,571,940 947,065,422 505,146,447,
ELG-N Based + NPDES4 A 1,953,401,548 6,688,524,505| 30,113,190,086 358,176,763 106,157,284 506,913,318
ELG-P Based + NPDES 1 2,269,595,225 7,047,553,472| 23,409,157,508 406,232,514 1,064,718,880 444,520,360
ELG-P Based + NPDES 2/3 1,817,932,237 6,189,538,219| 21,797,591,733 240,112,192 738,629,290 396,473,613
ELG-P Based + NPDES 4 1,374,407,042 5,423,350,326| 20,922,349,478 150,812,265 658,684,342 392,997,339
ELG-P Based + NPDES 4 A 1,838,049,019 5,916,663,171| 21,432,198,504 325,014,557 870,062,507 411,360,657,
Hydroregion 7 Hydroregion 8
Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms Streptococci Sediment

Baseline 6,457,542,052 22,108,886,435| 31,779,448,006 1,398,635,678 4,896,676,034| 3,826,353,016
ELG-N Based + NPDES 1 2,664,208,487 13,291,864,538| 31,808,492,046 696,138,721 2,694,193,372| 3,806,476,810
ELG-N Based + NPDES 2/3 2,034,688,798 11,974,936,005, 31,816,900,203 343,536,628 1,527,598,443| 3,796,554,230,
ELG-N Based + NPDES 4 1,792,216,045 11,547,823,421| 31,819,583,007 298,850,013 1,431,470,038| 3,796,082,008
ELG-N Based + NPDES4 A 2,155,317,888 12,114,347,861 31,815,955,154 447,797,837 1,806,896,525| 3,798,313,359
ELG-P Based + NPDES 1 2,556,272,481 11,771,855,573| 24,950,332,273 676,438,652 2,539,700,540, 2,811,413,221,
ELG-P Based + NPDES 2/3 1,877,877,679 10,246,467,096| 22,650,836,859 317,781,931 1,339,161,092| 2,549,105,803
ELG-P Based + NPDES 4 1,600,837,745 9,413,633,734| 21,767,978,699 268,844,088 1,214,564,505| 2,512,125,127
ELG-P Based + NPDES4 A 2,011,134,046 10,354,358,745 22,950,031,330 425,877,591 1,643,526,782| 2,615,960,125

(continued)



Hydroregion 9

Hydroregion 10

Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms Streptococci Sediment
Baseline 331,833,510 978,655,147| 1,076,672,643 6,259,893,628|  16,642,398,718| 19,970,456,598,
ELG-N Based + NPDES 1 110,140,648 389,677,763 1,077,781,200 3,034,800,400|  10,696,693,302| 19,987,244,899
ELG-N Based + NPDES 2/3 95,169,714 356,167,537| 1,077,972,803 2,645,806,734|  10,180,546,558| 19,992,524,527
ELG-N Based + NPDES 4 83,116,589 326,850,503| 1,078,080,005 2,395,513,651 9,869,400,077| 19,994,742,076
ELG-N Based + NPDES4 A 86,868,758 327,045,792| 1,077,986,956 2,685,625,500|  10,046,865,446| 19,991,575,738
ELG-P Based + NPDES 1 107,694,115 367,507,666 822,786,767 2,714,393,568 9,230,664,075| 15,525,599,793
ELG-P Based + NPDES 2/3 91,061,911 328,332,576 770,769,084 2,276,002,313 8,476,593,937| 13,991,585,038
ELG-P Based + NPDES 4 77,857,914 291,845,537 742,811,152 1,984,782,388 7,829,016,789| 13,310,267,229
ELG-P Based + NPDES4 A 82,776,021 298,726,116 773,925,717 2,330,046,757 8,374,893,664| 14,309,100,594
Hydroregion 11 Hydroregion 12
Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms Streptococci Sediment

Baseline 4,207,916,139 9,458,078,496| 16,103,642,886 1,547,519,876 3,553,359,285 68,537,109
ELG-N Based + NPDES 1 2,233,344,129 5,332,364,068| 16,101,891,589 776,323,327 3,274,864,668 68,652,242
ELG-N Based + NPDES 2/3 1,381,214,925 3,518,551,755| 16,098,272,055 647,219,812 3,259,025,209 68,624,445
ELG-N Based + NPDES 4 1,288,201,577 3,412,555,966| 16,098,499,163 571,233,115 3,256,128,976 68,654,009
ELG-N Based + NPDES4 A 1,730,369,829 4,238,014,607| 16,098,948,563 704,668,593 3,263,629,438 68,639,275
ELG-P Based + NPDES 1 2,093,549,064 4,969,892,656 11,958,083,884 657,117,683 2,506,743,973 54,168,771
ELG-P Based + NPDES 2/3 1,207,229,174 3,030,466,618| 10,556,787,537 507,271,347 2,340,341,342 49,617,804
ELG-P Based + NPDES 4 1,102,697,279 2,860,012,614| 10,378,927,839 418,415,127 2,245,202,879 48,390,032
ELG-P Based + NPDES4 A 1,570,765,935 3,804,058,053| 11,091,732,349 573,730,981 2,413,397,418 50,800,773

(continued)



Hydroregion 13

Hydroregion 14

Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms Streptococci Sediment
Baseline 1,160,042,311 2,115,421,333 10,609,466 122,768,541 197,984,089 4,579,210
ELG-N Based + NPDES 1 409,170,715 2,068,356,586 10,711,729 83,120,969 177,096,419 4,596,718
ELG-N Based + NPDES 2/3 372,034,124 2,068,182,819 10,719,765 65,797,133 177,002,011 4,603,234
ELG-N Based + NPDES 4 349,342,113 2,067,730,398 10,724,660 55,143,735 176,756,212 4,607,206
ELG-N Based + NPDES4 A 378,045,066 2,068,067,204 10,718,225 82,451,379 176,961,295 4,597,413
ELG-P Based + NPDES 1 310,570,161 1,444,236,769 7,644,770 74,765,597 152,463,274 3,716,763
ELG-P Based + NPDES 2/3 267,320,650 1,401,435,078 7,426,851 54,584,366 135,348,515 3,539,848
ELG-P Based + NPDES 4 240,806,111 1,375,073,535 7,298,370 42,121,194 124,706,247 3,437,336
ELG-P Based + NPDES 4 A 274,286,323 1,407,704,741 7,468,190 73,946,527 151,762,658 3,674,618
Hydroregion 15 Hydroregion 16
Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms Streptococci Sediment

Baseline 978,019,458 1,985,529,433 9,867,691 591,748,346 1,044,307,546 14,384,678
ELG-N Based + NPDES 1 352,127,857 1,915,337,577 9,942,078 351,200,202 996,654,649 14,447,519
ELG-N Based + NPDES 2/3 326,453,439 1,915,007,201 9,944,814 267,528,988 996,482,734 14,477,376
ELG-N Based + NPDES 4 310,572,808 1,914,284,513 9,946,356 217,243,978 996,035,892 14,495,051
ELG-N Based + NPDES4 A 331,024,845 1,914,743,952 9,945,133 327,885,737 996,550,105 14,454,318
ELG-P Based + NPDES 1 256,259,161 1,322,823,347 7,140,345 313,192,981 819,052,942 11,786,407
ELG-P Based + NPDES 2/3 226,188,000 1,287,871,809 7,054,001 215,801,777 734,529,490 11,014,910
ELG-P Based + NPDES 4 207,298,410 1,265,426,956 6,983,561 157,176,434 683,496,284 10,529,027
ELG-P Based + NPDES4 A 231,289,112 1,294,646,894 7,026,871 286,039,104 794,907,876 11,588,229

(continued)



Hydroregion 17

Hydroregion 18

Fecal
Scenario Fecal Coliforms | Fecal Streptococci Sediment Fecal Coliforms Streptococci Sediment
Baseline 6,491,176,240 10,488,691,938 113,531,375 517,802,214 693,876,362 19,987,971
ELG-N Based + NPDES 1 3,403,690,631 9,489,962,001 113,942,129 290,768,379 526,238,151 19,988,066
ELG-N Based + NPDES 2/3 2,930,283,373 9,481,671,121 114,048,426 276,211,234 524,017,527 19,988,066
ELG-N Based + NPDES 4 2,634,800,281 9,463,761,953 114,112,116 263,997,212 519,445,606 19,988,066
ELG-N Based + NPDES4 A 3,171,701,083 9,478,229,309 113,994,791 283,323,268 523,908,062 19,988,066
ELG-P Based + NPDES 1 2,533,635,440 6,973,778,826 88,584,053 166,469,640 308,749,288 15,668,116
ELG-P Based + NPDES 2/3 1,975,469,948 6,465,013,809 85,332,330 147,319,733 288,282,942 15,327,980
ELG-P Based + NPDES 4 1,616,408,402 6,130,625,294 83,076,340 128,907,894 267,088,173 15,020,257
ELG-P Based + NPDES4 A 2,253,760,659 6,713,067,203 86,818,350 155,578,779 296,847,495 15,468,738

(1) AFO/CAFO loadings to RF1 reaches (sediment in kilograms/year, fecal coliforms and fecal streptococci in colonies per year)



Appendix |

LocaWTP_ELG-N_NPDES-AIt1

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama 18,016 -14,818 0
Arizona 0 52,421 29,114
Arkansas 11,864 45,704 10,083
Cdlifornia 461,727 747,927 575,176
Colorado 10,303 7,638 8,456
Connecticut 0 0 121,061
Delaware 232,793 116,730 64,733
Florida 0 310,039 209,913
Georgia 88,965 69,064 48,876
Idaho 0 0 0
Illinois 0 0 0
Indiana -44,078 0 0
lowa -43,924 0 0
Kansas 9,655 7,084 16,029
Kentucky 0 0 0
Louisiana 0 39,113 63,693
Maine 0 0 0
Maryland 0 0 0
Massachusetts 0 163,685 174,077
Michigan 109,632 205,789 183,437
Minnesota 33,787 -13,186 28,207
Mississippi 0 10,910 11,648
Missouri 0 -14,338 0
Montana 1,174 937 1,020
Nebraska 6,344 9,712 5,466
Nevada 0 0 0
New Hampshire 72,666 0 0
New Jersey 0 0 0
New Mexico 6,811 20,341 28,366
New York 0 0 0
North Carolina 180,075 107,721 0
North Dakota -3,168 0 0
Ohio -126,443 140,549 0
Oklahoma 54,986 60,661 0
Oregon 0 5,105 6,117
Pennsylvania 151,409 56,820 0



State Name WTP_Boat WTP_Fish WTP_Swim
Rhode Island 0 0 0
South Carolina 41,756 -27,081 -44,330
South Dakota 2,322 7,236 0
Tennessee 0 0 0
Texas 233,714 292,221 218,804
Utah 10,379 6,595 0
Vermont 0 18,690 0
Virginia 0 0 0
Washington 0 13,708 46,829
West Virginia 0 0 0
Wisconsin 51,107 76,677 42,896
Wyoming 0 886 0
District of Columbia 0 0 0
1,571,871 2,524,541 1,849,672




Loca WTP_ELG-N_NPDES-AIt23

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama 54,438 39,937 30,831
Arizona 0 52,421 29,114
Arkansas 11,864 73,414 20,098
Cdlifornia 752,130 979,104 639,566
Colorado 10,303 7,638 8,456
Connecticut 0 -227,669 121,061
Delaware 232,793 116,730 117,576
Florida 0 310,039 209,913
Georgia 181,993 138,131 177,597
Idaho 0 0 0
Illinois 0 0 0
Indiana -44,078 0 0
lowa -66,342 0 0
Kansas 9,655 7,084 24,043
Kentucky 0 0 16,260
Louisiana 0 58,497 84,662
Maine 33,771 0 0
Maryland 0 0 0
Massachusetts 0 163,685 174,077
Michigan 325,990 246,108 228,696
Minnesota 16,558 -13,186 41,629
Mississippi 0 10,910 35,316
Missouri -18,995 -14,338 0
Montana 1,174 937 1,020
Nebraska 6,344 9,712 5,466
Nevada 0 0 0
New Hampshire 129,054 27,116 59,490
New Jersey 0 0 0
New Mexico 6,811 20,341 28,366
New York 0 0 0
North Carolina 180,075 107,721 91,411
North Dakota -3,168 0 0
Ohio 312,668 140,549 0
Oklahoma 54,986 60,661 0
Oregon 0 10,457 14,272
Pennsylvania 151,409 56,820 0
Rhode Island 0 0 0



State Name WTP_Boat WTP_Fish WTP_Swim
South Carolina 95,382 -28,043 -44.330
South Dakota 2,322 7,236 0
Tennessee 0 0 0
Texas 233,714 331,622 218,804
Utah 19,887 13,737 0
Vermont 0 27,234 1,909
Virginia 0 0 0
Washington 0 13,708 62,576
West Virginia 0 0 0
Wisconsin 25,950 76,677 42,896
Wyoming 0 886 0
District of Columbia 0 0 0
2,716,687 2,825,879 2,440,775




LocaWTP_ELG-N_NPDES-AIlt4

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama 72,844 53,976 30,831
Arizona 0 52,421 29,114
Arkansas 11,864 73,414 20,098
Cdlifornia 752,130 1,094,693 768,071
Colorado 10,303 7,638 8,456
Connecticut 0 0 121,061
Delaware 232,793 116,730 117,576
Florida 0 310,039 209,913
Georgia 181,993 138,131 203,575
Idaho 0 0 0
Illinois 0 0 0
Indiana -44,078 0 0
lowa -66,342 0 0
Kansas 9,655 7,084 24,043
Kentucky 0 0 16,260
Louisiana 0 58,497 84,662
Maine 50,504 0 0
Maryland 0 0 0
Massachusetts 0 163,685 174,077
Michigan 325,990 287,585 228,696
Minnesota 16,558 -13,186 41,629
Mississippi 0 10,910 35,316
Missouri -18,995 -14,338 0
Montana 1,174 937 1,020
Nebraska 6,344 9,712 5,466
Nevada 0 0 0
New Hampshire 129,054 27,116 59,490
New Jersey 234,625 0 0
New Mexico 6,811 20,341 28,366
New York 175,749 66,840 0
North Carolina 180,075 107,721 91,411
North Dakota -3,168 0 0
Ohio 312,668 140,549 0
Oklahoma 54,986 70,862 0
Oregon 0 15,637 19,960
Pennsylvania 428,096 56,820 0
Rhode Island 0 0 0



State Name WTP_Boat WTP_Fish WTP_Swim
South Carolina 122,011 -8,044 -44,330
South Dakota 2,322 7,236 0
Tennessee 0 0 0
Texas 259,713 331,622 218,804
Utah 206 -8,466 0
Vermont 0 27,234 20,129
Virginia 66,865 0 0
Washington 0 13,708 62,576
West Virginia 0 0 0
Wisconsin 50,356 114,746 42,896
Wyoming 0 886 0
District of Columbia 0 0 0
3,563,105 3,342,739 2,619,167




LocaWTP_ELG-P_NPDES-AIt1

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama 438,613 650,873 104,395
Arizona 17,399 167,917 276,289
Arkansas 2,615,444 3,757,615 214,033
Cadlifornia 461,727 1,094,693 1,089,005
Colorado 59,444 45,205 34,195
Connecticut 0 -227,669 121,061
Delaware 232,793 116,730 117,576
Florida 0 1,431,172 1,631,364
Georgia 970,853 760,567 738,921
Idaho 6,808 3,534 30,715
[llinois 13,909,874 11,926,714 2,255,316
Indiana 14,967,613 4,734,990 622,333
lowa 5,763,962 2,859,810 948,552
Kansas 1,710,481 968,439 151,111
Kentucky 78,183 0 16,260
Louisiana 0 2,003,343 297,575
Maine 0 0 0
Maryland 0 77,573 0
M assachusetts 0 163,685 174,077
Michigan 4,903,985 6,288,398 510,803
Minnesota 7,486,158 2,704,806 857,193
Mississippi 0 1,859,980 203,048
Missouri 3,593,083 3,397,319 47,182
Montana 2,347 3,760 4,182
Nebraska 1,060,792 258,455 139,931
Nevada 8,975 6,591 81,089
New Hampshire 129,054 27,116 60,692
New Jersey 0 0 0
New Mexico 94,450 60,808 107,553
New York 0 130,848 0
North Carolina 180,075 162,431 765,027
North Dakota 94,743 40,334 37,165
Ohio 7,538,192 6,629,502 739,467
Oklahoma 1,124,695 605,044 126,667
Oregon 0 20,812 67,939
Pennsylvania 151,409 170,705 0
Rhode Island 0 0 0



State Name WTP_Boat WTP_Fish WTP_Swim
South Carolina 293,774 397,617 292,979
South Dakota 63,809 34,752 28,763
Tennessee 0 0 0
Texas 1,777,884 1,688,453 1,379,292
Utah 19,887 41,210 0
Vermont 0 18,690 -8,503
Virginia 0 0 0
Washington 18,061 40,919 78,323
West Virginia 0 8,818 136,999
Wisconsin 5,294,590 3,613,659 444,564
Wyoming 0 4,397 982
District of Columbia 0 0 0
75,069,157 58,750,666 14,924,114




Loca WTP_ELG-P_NPDES-AIt23

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama 587,482 718,971 440,414
Arizona 17,399 180,451 276,289
Arkansas 2,688,757 5,163,589 480,788
Cadlifornia 829,085 1,094,693 1,603,293
Colorado 59,444 52,842 42,097
Connecticut 0 -227,669 246,076
Delaware 232,793 116,730 244,880
Florida 0 1,635,789 2,458,426
Georgia 1,484,672 1,169,869 1,587,423
Idaho 6,808 6,033 41,357
[llinois 15,077,031 17,919,654 2,924,198
Indiana 18,296,395 6,702,428 622,333
lowa 8,269,532 4,219,066 1,042,344
Kansas 1,870,934 1,131,498 182,660
Kentucky 361,274 0 16,260
Louisiana 0 2,061,313 531,690
Maine 50,504 0 0
Maryland 102,301 77,573 0
M assachusetts 0 163,685 174,077
Michigan 8,469,671 9,367,463 964,023
Minnesota 9,269,626 4,978,052 1,145,984
Mississippi 57,014 1,922,280 346,211
Missouri 4,160,548 4,243,929 63,233
Montana 2,347 3,760 4,182
Nebraska 1,280,114 387,165 161,423
Nevada 8,975 6,591 81,089
New Hampshire 129,054 27,116 120,182
New Jersey 234,625 0 0
New Mexico 94,450 60,808 107,553
New York 88,862 130,848 0
North Carolina 180,075 162,431 978,634
North Dakota 104,248 40,334 42,316
Ohio 10,117,034 10,261,244 1,374,109
Oklahoma 1,218,934 614,975 149,114
Oregon 0 31,449 76,095
Pennsylvania 151,409 282,849 0
Rhode Island 0 0 0



State Name WTP_Boat WTP_Fish WTP_Swim
South Carolina 606,367 705,912 716,047
South Dakota 82,680 53,415 41,339
Tennessee 0 0 0
Texas 1,777,884 1,747,417 1,466,600
Utah 10,379 48,424 24,654
Vermont 0 27,234 11,626
Virginia 66,865 0 28,266
Washington 18,061 40,919 94,070
West Virginia 0 8,818 293,569
Wisconsin 6,831,440 7,058,431 1,074,686
Wyoming 0 4,397 982
District of Columbia 0 0 0
94,895,076 84,402,779 22,280,588
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LocaWTP_ELG-P_NPDES-AIlt4

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama 605,498 732,178 440,414
Arizona 17,399 180,451 290,934
Arkansas 2,712,892 5,228,108 542,133
Cdifornia 829,085 1,151,133 1,923,400
Colorado 69,554 52,842 42,097
Connecticut 0 -227,669 246,076
Delaware 232,793 116,730 244,880
Florida 0 1,635,789 2,935,574
Georgia 1,484,672 1,216,321 1,715,997
Idaho 6,808 6,033 44,191
Illinois 15,927,308 19,751,635 3,125,850
Indiana 19,810,957 7,581,615 622,333
lowa 9,349,206 5,101,188 1,361,812
Kansas 1,919,126 1,200,689 214,718
Kentucky 493,077 0 16,260
Louisiana 0 3,386,494 573,885
Maine 50,504 6,497 0
Maryland 102,301 77573 0
Massachusetts 0 163,685 352,969
Michigan 10,391,343 10,693,685 1,884,693
Minnesota 10,108,195 5,899,591 1,753,958
Mississippi 57,014 1,932,416 346,211
Missouri 4,365,396 4,631,737 79,283
Montana 2,347 3,760 4,182
Nebraska 1,433,965 467,279 257,308
Nevada 8,975 6,591 81,089
New Hampshire 198,925 27,116 120,182
New Jersey 698,662 0 0
New Mexico 94,450 60,808 107,553
New York 175,749 130,848 0
North Carolina 216,878 162,431 1,070,588
North Dakota 107,416 40,334 55,212
Ohio 11,190,538 12,570,173 1,954,831
Oklahoma 1,218,934 614,975 160,566
Oregon 0 31,449 87,026
Pennsylvania 351,622 225,417 -63,988
Rhode Island 0 0 0
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State Name
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
District of Columbia

WTP_Boat
658,673
94,860
24,955
1,777,884
29,831
12,132
66,865
18,061
0
7,342,004
0
0

104,256,854

WTP_Fish
726,494
64,463
0
1,747,417
63,033
36,345
0
40,919
8,818
7,849,171
4,397
0

95,400,962

WTP_Swim
761,244
51,495

0
1,466,600
32,870
21,777
83,617
94,070
332,712
1,352,919
982

0

26,790,503
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Local WTP ELG N NPDES Alt4A

StName WTP_Boat WTP_Fish WTP_Swim

Alabama 54437.54 26238.77 15757.05
Arizona 0 52421.25 29114.08
Arkansas 11863.95 73414.23 10083.15
Cdifornia 461726.6 979104.3 575175.9
Colorado 10302.9 7637.849 8455.717
Connecticut 0 -227669 0
Delaware 232792.7 116730.4 64732.85
Florida 0 310039.4 209913
Georgia 181992.6 115513 151529.6
|daho 0 0 0
[llinois 0 0 0
Indiana -44078.3 0 0
lowa -66342.1 0 0
Kansas 9654.768 7084.414 24043.17
Kentucky 0 0 16260.07
Louisiana 0 58496.62 84661.77
Maine 50503.77 0 0
Maryland 0 0 0
M assachusetts 0 163684.8 0
Michigan 325990 288145.5 184112.9
Minnesota 33787.01 -13186 41628.91
Mississippi 0 10910.2 35315.63
Missouri -18995.4 -14337.9 0
Montana 1173.678 936.5474 1020.419
Nebraska 6344.409 9712.414 5465.9
Nevada 0 0 0
New Hampshire 72666.25 27116.19 59489.5
New Jersey 0 0 0
New Mexico 6811.448 20340.63 28365.93
New Y ork 0 66839.88 0
North Carolina 180075.3 107720.7 91410.74
North Dakota -3168.22 0 0
Ohio 312668.3 140549.5 0
Oklahoma 54986.18 70862.11 0
Oregon 0 0 6116.515
Pennsylvania 351622.5 -613.291 -63987.7
Rhode Island 0 0 0
South Carolina 95382.22 -47913.1 -44329.8
South Dakota 2321.879 5470.495 0
Tennessee 0 0 0
Texas 233123 291863.9 196555.2
Utah 19887.31 6315.308 0
Vermont 0 27233.87 1908.776
Virginia 66865.17 0 0
Washington 0 13708.49 62576.22
West Virginia 0 0 0
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StName WTP_Boat WTP_Fish WTP_Swim
Wisconsin 50105.87 95006.62 42896.42
Wyoming 0 886.2872 0
District of Columbia 0 0 0
2,694,501 2,790,265 1,838,272
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Local WTP ELG P NPDES Alt4A

StName WTP_Boat WTP_Fish WTP_Swim

Alabama 531705.1 651113.5 380928.4
Arizona 17399.34 180451.2 276289.1
Arkansas 2688757 4468592 469863.6
Cadlifornia 538681.1 1094693 1408998
Colorado 59563.65 60524.91 34194.95
Connecticut 0 -227669 125014.5
Delaware 232792.7 116730.4 179426.5
Florida 0 1635789 2106030
Georgia 1484672 1153225 1589163
Idaho 6808.266 3534.315 38543.95
[llinois 15319125 17567259 2866735
Indiana 18821430 7178120 622333.3
lowa 8262397 4109474 1109876
Kansas 1823352 1151563 191223
Kentucky 493077.1 0 16260.07
Louisiana 0 2061313 424152.4
Maine 50503.77 6497.434 0
Maryland 0 77572.79 0
M assachusetts 0 163684.8 0
Michigan 8842961 9055540 1884693
Minnesota 9161874 4356168 1189067
Mississippi 28729.8 1891872 321907.8
Missouri 4252648 3852962 47181.95
Montana 2347.357 3759.962 4181.629
Nebraska 1344085 372707.5 192667.9
Nevada 8975.165 6590.743 81089
New Hampshire 72666.25 27116.19 59489.5
New Jersey 698662.1 0 0
New Mexico 94449.93 60808.42 107552.5
New York 0 130847.6 0
North Carolina 180075.3 162430.9 856757.4
North Dakota 97926.99 42725.67 42422.78
Ohio 10310799 10305468 1582084
Oklahoma 1192487 614974.9 138119.6
Oregon 0 31449.21 67939.26
Pennsylvania 428095.5 228426.3 0
Rhode Island 0 0 0
South Carolina 578880.3 691913.3 425556.8
South Dakota 87374.78 49441.84 36792.9
Tennessee 0 0 0
Texas 1704622 1672466 1401706
Utah 29830.97 56098.67 8249.89
Vermont 0 27233.87 11626.17
Virginia 66865.17 0 55388.02
Washington 18061.02 40919.33 94070.44
West Virginia 0 8817.987 264212.2
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StName WTP_Boat WTP_Fish WTP_Swim
Wisconsin 6562508 5716242 1352919
Wyoming 0 4396.859 981.9632
District of Columbia 0 0 0
96,095,189 80,863,846 22,065,689
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Appendix J

NationalWTP_EL G-N_NPDES-AIt1

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama -592 5,787 4,773
Arizona -3,295 4,339 5,206
Arkansas 320 2,306 2,767
Cdlifornia -23,370 30,537 36,710
Colorado -1,704 4,620 4,508
Connecticut -3,088 2,269 2,778
Delaware -712 668 802
Florida -6,374 16,517 13,448
Georgia -7,456 8,635 6,804
Idaho -878 1,156 1,388
Illinois -4,953 10,952 13,141
Indiana -4,042 5,333 6,399
lowa -1,355 3,227 3,143
Kansas -358 2,418 2,899
Kentucky -2,736 3,603 4,323
Louisiana -4,218 3,016 4,725
Maine -853 1,124 1,348
Maryland -3,506 4,617 5,540
Massachusetts -5,822 2,987 5,237
Michigan -12,130 852 6,177
Minnesota -4,608 6,254 5,201
Mississippi -1,897 2,498 2,997
Missouri -3,791 4,993 5,991
Montana -910 670 821
Nebraska -686 1,528 1,834
Nevada -1,243 1,637 1,964
New Hampshire -1,140 1,068 1,281
New Jersey -5,532 7,286 8,742
New Mexico -223 1,585 1,902
New York -12,515 16,482 19,777
North Carolina -7,367 6,946 8,334
North Dakota -439 578 693
Ohio -7,468 10,189 12,225
Oklahoma -4,201 1,663 3,682
Oregon -1,482 3,142 3,770
Pennsylvania -8,180 10,771 12,923
Rhode Island -667 879 1,054
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State Name WTP_Boat WTP_Fish WTP_Swim
South Carolina -2,946 4,814 5,085
South Dakota -303 687 819
Tennessee -3,772 4,967 5,960
Texas 8,499 15,145 22,929
Utah -2,065 1,928 2,313
Vermont -402 406 635
Virginia -4,714 6,208 7,449
Washington -2,445 6,453 6,334
West Virginia -1,241 1,635 1,962
Wisconsin -6,491 2,586 5,703
Wyoming -341 449 539
District of Columbia -347 457 548
-166,040 238,868 285,585
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Nationa WTP_ELG-N_NPDES-AIt23

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama 13,682 9,449 11,281
Arizona 12,274 7,363 12,304
Arkansas 7,899 3,392 6,538
Cdlifornia 77,447 51,858 86,753
Colorado 11,777 7,239 10,654
Connecticut 5573 3,621 7,557
Delaware 1,686 1,134 1,895
Florida 46,436 29,076 35,639
Georgia 9,379 8,740 13,020
Idaho 3,271 1,962 3,279
Illinois 34,341 18,584 31,055
Indiana 15,093 9,050 15,123
lowa 8,044 5,052 7,428
Kansas 8,310 4,101 6,850
Kentucky 9,081 5,280 9,287
Louisiana 11,137 6,681 11,167
Maine 2,521 1,907 3,187
Maryland 13,059 7,834 13,091
Massachusetts 13,940 6,826 14,247
Michigan 19,846 7,049 20,722
Minnesota 10,942 9,274 11,272
Mississippi 7,065 4,238 7,083
Missouri 14,123 8,473 14,158
Montana 2,183 1,271 2,230
Nebraska 4,796 2,593 4,333
Nevada 4,631 2,778 4,642
New Hampshire 2,109 1,566 2,758
New Jersey 20,609 12,364 20,660
New Mexico 5,465 2,690 4,495
New York 46,620 27,968 46,736
North Carolina 17,553 11,786 17,924
North Dakota 1,634 980 1,638
Ohio 25,975 17,289 28,890
Oklahoma 6,809 3,802 8,701
Oregon 9,790 5331 8,581
Pennsylvania 30,463 18,276 30,541
Rhode Island 2,485 1,491 2,492
South Carolina 9,583 8,840 10,814
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State Name WTP_Boat WTP_Fish WTP_Swim
South Dakota 2,144 1,163 1,934
Tennessee 14,049 8,429 14,084
Texas 65,475 19,762 54,185
Utah 4,852 3,272 5,467
Vermont 1,642 770 1,489
Virginia 17,561 10,535 17,604
Washington 16,495 10,132 14,968
West Virginia 4,624 2,774 4,635
Wisconsin 12,034 7,003 13,478
Wyoming 1,271 763 1,274
District of Columbia 1,293 776 1,296
689,071 402,586 679,442
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NationalWTP_EL G-N_NPDES-Alt4

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama 15,740 11,107 12,189
Arizona 14,518 9,173 13,294
Arkansas 9,092 4,353 7,065
Cdlifornia 112,251 64,616 93,737
Colorado 13,721 8,806 11,512
Connecticut 8,906 5,523 8,224
Delaware 2,032 1,413 2,048
Florida 53,454 34,733 38,736
Georgia 13,050 11,700 14,640
Idaho 3,869 2,445 3,543
Illinois 40,007 23,151 33,555
Indiana 17,852 11,274 16,341
lowa 9,399 6,144 8,026
Kansas 10,228 5,109 7,402
Kentucky 10,944 6,782 10,109
Louisiana 13,174 8,323 12,066
Maine 2,776 2,376 3,443
Maryland 15,447 9,759 14,145
Massachusetts 16,790 9,123 15,504
Michigan 24,446 8,722 22,752
Minnesota 13,184 11,082 12,262
Mississippi 8,357 5,280 7,653
Missouri 16,706 10,555 15,298
Montana 2,629 1,630 2,427
Nebraska 5,587 3,230 4,682
Nevada 5,478 3,461 5,016
New Hampshire 2,661 2,011 3,002
New Jersey 22,106 15,402 22,323
New Mexico 6,285 3,351 4,857
New York 45,168 34,841 50,498
North Carolina 21,146 14,683 19,510
North Dakota 1,932 1,221 1,770
Ohio 31,246 21,538 31,216
Oklahoma 8,396 5,081 9,401
Oregon 11,415 6,641 9,298
Pennsylvania 33,012 22,768 32,999
Rhode Island 2,940 1,858 2,692
South Carolina 11,395 10,301 11,613
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State Name WTP_Boat WTP_Fish WTP_Swim
South Dakota 2,497 1,447 2,090
Tennessee 16,619 10,500 15,218
Texas 75,361 27,730 58,547
Utah 5,850 4,075 5,907
Vermont 1,772 882 1,489
Virginia 18,914 13,124 19,022
Washington 19,225 12,333 16,173
West Virginia 5,470 3,456 5,009
Wisconsin 14,598 7,951 14,563
Wyoming 1,504 950 1,377
District of Columbia 1,529 966 1,400
820,678 502,979 735,642
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NationalWTP_EL G-P_NPDES-AIlt1

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama 352,826 197,002 28,798
Arizona 398,041 221,727 31,411
Arkansas 201,085 107,260 16,691
Cdlifornia 2,778,336 1,556,250 221,469
Colorado 344,703 193,742 27,199
Connecticut 260,834 147,286 20,422
Delaware 60,079 33,999 4,838
Florida 1,232,147 693,345 95,380
Georgia 623,944 345,872 35,486
Idaho 105,515 59,890 8,371
Illinois 916,288 485,767 76,993
Indiana 411,468 258,245 37,226
lowa 191,648 114,393 18,416
Kansas 206,999 112,076 17,488
Kentucky 321,612 182,430 25,151
Louisiana 357,648 197,583 28,507
Maine 101,362 57,167 8,135
Maryland 416,411 234,848 33,420
Massachusetts 495,162 277,666 38,500
Michigan 732,611 406,081 59,876
Minnesota 315,675 199,769 28,341
Mississippi 225,988 123,053 18,081
Missouri 423,604 223,295 36,144
Montana 77,209 43,252 6,026
Nebraska 133,406 77,611 11,062
Nevada 147,163 83,280 11,851
New Hampshire 95,382 54,062 7,453
New Jersey 657,173 370,634 52,743
New Mexico 146,421 81,749 11,476
New York 1,486,684 834,843 119,311
North Carolina 624,526 351,851 43,309
North Dakota 52,093 29,108 4,181
Ohio 888,831 486,039 73,754
Oklahoma 255,618 149,272 22,213
Oregon 287,095 161,933 22,497
Pennsylvania 971,454 547,884 77,966
Rhode Island 79,256 44,699 6,361
South Carolina 304,660 172,771 24,514
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State Name WTP_Boat WTP_Fish WTP_Swim

South Dakota 61,324 34,552 4,938
Tennessee 448,301 254,964 35,956
Texas 1,747,756 954,441 133,490
Utah 174,973 98,073 13,956
Vermont 47,753 26,806 3,954
Virginia 559,974 315,816 44,942
Washington 479,243 269,699 38,212
West Virginia 147,449 83,158 11,834
Wisconsin 380,082 210,835 30,795
Wyoming 40,669 22,858 3,253
District of Columbia 41,224 23,250 3,309

21,809,705 12,212,185 1,735,699
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Nationa WTP_ELG-P_NPDES-AIt23

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama 457,826 295,387 39,348
Arizona 503,438 325,113 43,899
Arkansas 256,383 154,099 23,327
Cadlifornia 3,493,993 2,285,206 309,522
Colorado 434,858 283,265 38,013
Connecticut 330,938 216,900 28,080
Delaware 76,116 49,924 6,762
Florida 1,569,758 1,019,655 134,427
Georgia 792,442 512,392 54,062
Idaho 133,570 87,940 11,700
[llinois 1,182,412 721,737 108,513
Indiana 518,049 375,784 52,576
lowa 224,756 160,900 25,956
Kansas 262,847 168,543 23,834
Kentucky 404,876 268,268 35,519
Louisiana 450,908 290,495 39,841
Maine 127,343 83,943 11,369
Maryland 525,768 344,849 46,707
M assachusetts 627,323 408,902 54,353
Michigan 933,896 601,922 85,468
Minnesota 396,502 278,438 38,670
Mississippi 285,971 182,604 25,269
Missouri 545,089 334,918 50,515
Montana 97,890 63,788 8,506
Nebraska 169,118 114,022 15,460
Nevada 186,446 122,288 16,563
New Hampshire 120,998 79,499 10,257
New Jersey 829,726 544,234 73,712
New Mexico 184,461 119,522 16,039
New York 1,877,115 1,227,550 166,747
North Carolina 793,270 518,909 63,300
North Dakota 65,778 42,739 5,698
Ohio 1,112,231 711,333 100,436
Oklahoma 328,348 223,091 30,272
Oregon 362,481 236,791 31,212
Pennsylvania 1,226,720 799,606 108,964
Rhode Island 100,340 65,636 8,890
South Carolina 390,493 258,558 34,593



South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
District of Columbia

77,308
567,482
2,218,138
221,830
60,610
707,084
605,904
186,674
483,105
51,452
52,190

27,612,255

50,814
373,310
1,418,657
144,009
39,424
463,740
395,473
122,109
299,484
33,565
34,139

17,953,473

6,902
50,251
188,487
19,505
5,344
62,810
53,405
16,539
40,805
4,546
4,624

2,431,599
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National WTP_EL G-P_NPDES-Alt4

State Name WTP_Boat WTP_Fish WTP_Swim

Alabama 497,278 330,608 44,380
Arizona 546,469 363,530 49,388
Arkansas 279,978 173,988 26,244
Cdlifornia 3,825,630 2,570,154 348,224
Colorado 472,119 316,531 42,766
Connecticut 359,912 242,767 31,776
Delaware 82,744 55,841 7,607
Florida 1,712,696 1,146,076 151,590
Georgia 868,160 579,236 61,282
Idaho 145,039 98,179 13,163
Illinois 1,298,795 811,631 122,367
Indiana 561,824 421,390 59,323
lowa 244,451 181,324 29,269
Kansas 288,278 189,941 26,890
Kentucky 439,569 300,164 40,077
Louisiana 488,699 323,498 44,823
Maine 138,733 93,639 12,791
Maryland 571,551 385,723 52,547
Massachusetts 683,630 458,932 61,320
Michigan 987,075 662,311 92,157
Minnesota 435,421 309,099 44,153
Mississippi 310,741 204,718 28,429
Missouri 595,757 372,358 56,831
Montana 106,438 71,419 9,597
Nebraska 186,579 127,896 17,393
Nevada 202,681 136,782 18,634
New Hampshire 131,269 88,951 11,607
New Jersey 899,734 608,741 82,929
New Mexico 200,182 133,558 18,044
New York 2,035,630 1,373,472 187,597
North Carolina 858,018 578,907 72,086
North Dakota 71,680 47,983 6,429
Ohio 1,200,720 782,747 113,324
Oklahoma 358,777 250,258 34,154
Oregon 394,540 265,285 35,186
Pennsylvania 1,330,506 894,963 122,589
Rhode Island 109,054 73,415 10,001
South Carolina 424,143 288,753 39,024



State Name WTP_Boat WTP_Fish WTP_Swim
South Dakota 84,283 56,853 7,765
Tennessee 615,306 417,285 56,534
Texas 2,413,543 1,592,273 212,660
Utah 241,543 161,523 21,944
Vermont 65,861 44,112 6,014
Virginia 768,651 518,706 70,664
Washington 658,252 442,208 60,082
West Virginia 202,885 136,582 18,607
Wisconsin 516,788 331,363 44,420
Wyoming 55,772 37,544 5,115
District of Columbia 56,723 38,186 5,202
30,024,109 20,091,405 2,734,999
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National WTP_ELG_N_NPDES Alt4A

StName WTP_Boat WTP_Fish WTP_Swim

Alabama 12641.04 7651.63 9874.778
Arizona 11138.54 6373.033 10770.66
Arkansas 7296.081 2865.419 5723.386
Cadlifornia 78396.49 44877.09 75941.67
Colorado 10794.05 6381.448 9326.473
Connecticut 5678.086 3607.045 7252.238
Delaware 1511.46 081.6411 1659.01
Florida 42887.12 25979.97 30845.13
Georgia 7522.046 7120.904 10511.7
Idaho 2968.626 1698.53 2870.58
[llinois 31476.49 16085.23 27184.64
Indiana 13698.19 7833.332 13238.63
lowa 7359.097 4454.408 6502.378
Kansas 8346.466 3550.144 5996.759
Kentucky 8138.194 4457.861 8013.944
Louisiana 10106.92 5782.411 9775.132
Maine 1900.444 1650.557 2789.504
Maryland 11851.09 6780.723 11459.68
M assachusetts 14138.99 6800.047 13672.01
Michigan 17519.92 5020.323 17579.57
Minnesota 9808.583 8285.352 9740.763
Mississippi 6411.647 3668.491 6199.887
Missouri 12817.16 7333.47 12393.84
Montana 1957.249 1074.198 1925.855
Nebraska 4396.775 2244452 3793.208
Nevada 4202.54 2404.528 4063.742
New Hampshire 2084.829 1322.566 2380.754
New Jersey 18703.18 10701.22 18085.46
New Mexico 5050.12 2328.434 3935.141
New York 42309.02 24207.55 40911.67
North Carolina 15736.32 10201.45 15469.75
North Dakota 1482.585 848.2764 1433.619
Ohio 23310.34 14964.25 25290.15
Oklahoma 6005.889 3101.7 7616.66
Oregon 8064.949 4614.445 7798.585
Pennsylvania 24623.37 15818.92 26734.57
Rhode Island 2255.638 1290.587 2181.14
South Carolina 8666.897 8041.14 9576.178
South Dakota 1966.003 1156.64 1693.329
Tennessee 12750.24 7295.182 12329.13
Texas 66236.43 19726.81 47432.76
Utah 4347.911 2831.626 4785.555
Vermont 1503.718 648.8563 1301.706
Virginia 14078.67 9118.469 15410.56
Washington 15114.01 8927.293 13102.95
West Virginia 4196.4 2401.014 4057.804
Wisconsin 10846.9 4884.499 11798.49
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StName WTP_Boat WTP_Fish WTP_Swim

Wyoming 1153.545 660.0129 1115.447
District of Columbia 1173.233 671.2775 1134.484
636,623 350,724 594,681
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National WTP_ELG_P_NPDES_Alt4A

StName WTP_Boat WTP_Fish WTP_Swim

Alabama 456711.1 277630.9 38089.86
Arizona 508476.1 307592.1 42526.61
Arkansas 259047.7 150797.1 22598.07
Cdlifornia 3547727 2161497 299846.1
Colorado 440370.2 268093.6 36824.4
Connecticut 335199.8 205755.2 27883.23
Delaware 76892.32 47224.73 6550.393
Florida 1585580 964924 130136.5
Georgia 798259 483075.1 50058.46
Idaho 134913 83270.33 11334.12
Illinois 1209232 682176.5 105049.5
Indiana 528085.8 355485.5 50889.27
lowa 233223 154887.9 25127.11
Kansas 267173.8 159353.5 23677.45
Kentucky 408025.1 253720.7 34379.83
Louisiana 455479.8 274593.7 38595.88
Maine 128893.1 79151.62 11014
Maryland 532547.2 326206.6 45247.09
M assachusetts 635357.6 387892.4 53982.23
Michigan 920085.7 561752.8 78096.74
Minnesota 401391.5 266331.8 39293.35
Mississippi 288817 172477.8 24479.47
Missouri 550717.4 315617.3 48935.51
Montana 98891.02 60307.73 8233.81
Nebraska 172291.1 107848.8 14977
Nevada 188346.6 115676.9 16045.17
New Hampshire 122492.7 75187.86 10193.89
New Jersey 835938.8 514813.6 71408.18
New Mexico 186301.3 113120.5 15537.41
New York 1906062 1164575 161534.6
North Carolina 800034.8 489886.7 61103.02
North Dakota 66796.24 40668.11 5660.464
Ohio 1117352 660518.4 99854.96
Oklahoma 331876.2 209992.7 30073.42
Oregon 366128.3 224104.6 30545.85
Pennsylvania 1239369 758493.8 105558.1
Rhode Island 101360.6 62087.47 8611.958
South Carolina 389627 241287.1 33485.74
South Dakota 77887.49 47899.4 6685.895
Tennessee 573248.8 353253.1 48680.02
Texas 2239431 1340825 182443.7
Utah 223493.3 136223.7 18895.16
Vermont 61225 37285.43 5176.956
Virginia 716209.9 440111.2 60846.64
Washington 612032.6 374157.7 51735.36
West Virginia 188571.8 115507.8 16021.73
Wisconsin 484722.7 288778.5 36904.02
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StName WTP_Boat WTP_Fish WTP_Swim

Wyoming 51973.49 31750.85 4404.2
District of Columbia 52721.06 32293.77 4479.368
27,906,590 16,976,164 2,353,712
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